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ABSTRACT 
THE LIFE HISTORY AND MANAGEMENT OF PHYLLOTRETA CRUCIFERAE 
AND PHYLLOTRETA STRIOLATA (COLEOPTERA: CHRYSOMELIDAE), 
PESTS OF BRASSICAS IN THE NORTHEASTERN UNITED STATES 
SEPTEMBER 2004 
CARYN L. ANDERSEN, B.S., WHEATON COLLEGE, IL. 
M.S., UNIVERSITY OF MASSACHUSETTS AMHERST 
Directed by: Professor Roy Van Driesche 
The flea beetle species Phyllotreta cruciferae (Goeze) and Phyllotreta striolata 
(Fabricus) are significant economic pests of plants in the family Brassicaceae. The life 
history of P. cruciferae was investigated in Massachusetts from 2001 to 2003. Samples 
of leaf litter and soil were collected from a variety of habitats to determine the location 
of flea beetle overwintering sites surrounding agricultural fields. Significantly more P. 
cruciferae were found in the leaf litter beneath shrubs and brush, or in wooded areas, 
than in grass, within field debris, or in soil samples taken within each habitat. 
Dissections of field-collected adult beetles suggested the occurrence of a partial second 
generation by P. cruciferae in 2003. Changes in the feeding and response to yellow 
sticky traps in P. cruciferae were monitored in caged experiments in the laboratory in 
2002 and 2003. The propensity of P. cruciferae to feed on collard plants peaked in June 
and August, as did beetle response to yellow sticky traps. A significant correlation was 
found between feeding and attraction to the traps. 
VI 
From 2001 to 2003, the efficacy of both new and commonly used treatments for 
the control of flea beetles in Asian brassicas {Brassica rapa L.) were evaluated in four 
small plot, randomized complete block design trials. In all trials, row cover and carbaryl 
(applied as a weekly foliar spray) were found to be the most consistent at reducing 
damage in comparison to untreated controls. Two new products that may provide 
adequate flea beetle control are spinosad (in either conventional or organic formulations) 
and thiamethoxam. The organic compounds azidiractin and pyrethrin did not protect 
treated plants from flea beetle feeding. The level of damage at harvest was found to be 
correlated with population size of flea beetles in each plot, as determined by captures on 
yellow sticky cards and direct visual counts. Surveys of bok choi (B. rapa L. var 
Chinensis) available from different market venues found that the threshold level of 
damage varied significantly, with the highest levels of damage being found in locally 
grown organic produce. 
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CHAPTER 1 
THE HISTORY, BIOLOGY AND MANAGEMENT OF PHYLLOTRETA 
CRUCIFERAE (GOEZE) AND PHYLLOTRETA STRIOLATA (FABRICUS) IN 
NORTH AMERICA 
Introduction 
The plant family Brassicaceae contains many crops of agricultural importance in 
the United States and around the world. In 1997, over 530,000 acres in the United States 
were planted to rape and canola (Brassica napus L. and B. campestris Oed.), and over 
350,000 acres to brassica vegetable crops such as broccoli (B. oleracea L. italica), 
cauliflower (B. oleracea L. var. botrytis ), turnips (B. campestris Oed.), radishes 
(Raphanus sativus L.), cabbage (B. oleracea var. capitata) and mustard greens (B. 
juncea L. and Sinapsis alba L.) (USDA/NASS 1999). In Canada, the acreage of canola 
grown has been increasing steadily; in 2001, 9.75 million acres were sown to canola and 
mustard-seed (Statistics Canada 2001). Ethnic changes in the North American 
population have resulted in changes in the production and marketing of many brassica 
species. For example, in Massachusetts, new immigrants from Latin America and Asia, 
along with a generally heightened interest in specialty crops, have increased demand for 
‘new’ types of brassica crops such as bok choi {Brassica rapa L.), Chinese cabbage {B. 
rapa var. pekinensis), arugula {Eruca vesicaria L.), and certain varieties of collards and 
kale (B. oleracea). 
Production of brassica crops is hindered by several different pests such as 
cabbage looper {Trichoplusia ni Hiibner), diamondback moth {Plutella xylostella L.), 
imported cabbageworm {Pieris rapae L.), cabbage maggot {Delia radicum L.), and flea 
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beetles {Phyllotreta spp.) (Milliron 1958, Bonnemaison 1965, Cerkauskas et al.1998). 
In the northeastern United States, flea beetles are one of the major pest problems for 
growers of brassica greens, particularly in organic farming systems (Hoffmann et al. 
1997). It has been projected that crop losses from flea beetles in oilseed crops such as 
canola and mustard in North America each year exceed $300 million dollars (Manitoba 
Agriculture and Food 2001). 
Although there are many species of flea beetles present in North America 
(Blatchley 1910, Chittenden 1923, Smith 1973), the dominant pest species within 
brassica crops in Canada and the central and eastern United States are Phyllotreta 
cruciferae (Goeze) and Phyllotreta striolata (Fabricus) (Chrysomelidae: Alticinae) 
(Feeny et al. 1970, Lamb 1984, Palaniswamy and Lamb 1992, Cho et al. 1994). Both P. 
cruciferae and P. striolata were introduced to North America from Eurasia (Milliron 
1953, Smith 1973) and have since spread across much of the northern temperate areas of 
the United States and Canada (Westdal and Romanow 1972). These species are also 
significant pests of brassica crops in Europe, Asia, the Middle East, and Africa (Newton 
1928, Harukawa and Tokunaga 1938, Varma 1961). The adult beetles feed on the leaves 
of a wide variety of cultivated and wild brassicas (Burgess 1977), which may result in 
extensive crop damage (Newton 1928, Milliron 1958, Burgess 1977, Lamb 1984). 
A variety of insecticides, both conventional and organic, have been developed for 
flea beetle control. Lamb and Tumock (1982) estimated that the cost of applying 
insecticides for flea beetle control in Canada in 1979 was $12 million Canadian dollars. 
A better understanding of the biology and life history of P. cruciferae and P. striolata is 
needed to develop new methods of control for these pests. Before more research is 
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undertaken, it is necessary to assess the information already available on brassica- 
feeding flea beetles. 
History of Flea Beetle Invasions 
Both P. cruciferae and P. striolata were introduced to the United States from 
other parts of the world. Phyllotreta cruciferae has been recognized as a common pest 
of cruciferous crops in Great Britain and continental Europe, the countries of the former 
USSR, India, and North Africa (Newton 1928, Varma 1961, Bonnemaison 1965). P. 
cruciferae was likely introduced to the west coast of North America in the 1920s from 
Europe (Milliron 1953). At the time, it was incorrectly identified as Phyllotreta 
columbiana (Chittenden). In the 1930s, damage to cruciferous crops was reported from 
the prairie provinces of Canada (Brown 1967). Flea beetles were found in great numbers 
in Minnesota in 1947, where they were initially identified as P. columbiana. Later, the 
species was correctly identified as P. cruciferae (Milliron 1953). In the 1940s and 
1950s, Canadian records indicate that this species began to cause serious damage to 
crops in the Prairie Provinces (Westdal and Romanow 1972). By 1957, P. cruciferae 
had reached New Brunswick (Westdal and Romanow 1972). Milliron (1953) reported 
the discovery of P. cruciferae in Delaware in the spring of 1951, stating that its 
abundance was increasing annually. Milliron also noted that populations of P. 
cruciferae in the eastern United States may have stemmed from multiple introductions. 
Phyllotreta striolata (formerly P. vittata) is an important pest of brassica crops in 
much of southeast Asia (Pipithsangchan et al. 2001). It was introduced to North America 
from Eurasia prior to 1801 (Smith 1973). Bain and LeSage (1998) identified the remains 
of P. striolata at an archeological site in Boston, Massachusetts, dating from 1675 to 
3 
1700. This finding indicates an earlier introduction than previously thought. P. 
striolata has spread across most of the United States and Canada. Chittenden (1923) 
identified this species in California in 1916. While not as abundant in North America as 
P. cruciferae, P. striolata can still be a damaging pest (Burgess 1977). P. striolata was 
also introduced in to Japan, where it was first recorded in entomological literature in the 
late 1800s; it is now a serious pest in that country (Harukawa and Tokunaga 1938). 
Flea Beetle Biology 
Morphology 
Flea beetles (Chrysomelidae: Alticinae) comprise the largest subfamily in the 
family Chrysomelidae. The small beetles in Alticinae are distinguished from other 
Chrysomelids by their greatly enlarged hind femora (Furth 1988, Borrer et al. 1989). 
The femora contain a specialized structure known as the ‘metafemoral spring’ which 
allows the beetles to jump great distances (Furth 1988); this ability to jump is the basis 
for the common name ‘flea beetle’. Burgess (1977) provided a simple key to flea beetles 
that are pests in Canada, including both P. cruciferae and P. striolata. The crucifer flea 
beetle is approximately 2 mm long and uniformly metallic blue-black (Westdal and 
Romanow 1972). Newton (1928) described P. cruciferae and provided illustrations of 
the immature stages of these beetles. 
The striped flea beetle, P. striolata, while approximately the same size as the 
crucifer flea beetle, is black with a band of yellow along the interior of each elytra. A 
comprehensive illustrated description of the morphology of P. striolata is presented by 
Smith (1973), along with descriptions of all other maculate (i.e., spotted or blotched) 
North American species of Phyllotreta. Blatchley (1910) also provides a key to the flea 
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beetles of Indiana which includes P. striolata (= P. vittata); however, P. cruciferae is not 
included as it had not yet been introduced to North America. 
Life History 
Emergence and Reproduction 
Most species within the genus Phyllotreta have similar life cycles (Newton 
1928). In early spring, adults of both the crucifer and the striped flea beetle emerge from 
their overwintering sites, with P. striolata emerging from overwintering sites slightly 
earlier than P. cruciferae. Laska and Kocourek (1991) found that the minimum 
threshold temperature for flight activity in Phyllotreta species is 10.2°C, based on trap 
captures in Olomouc, Czech Republic (45°45’N). Based on trap captures, Wylie (1979) 
and Lamb (1983) found P. striolata to be active in Manitoba before P. cruciferae. P. 
cruciferae was caught in traps from the middle of April onward, with numbers 
increasing sharply in late April. P. striolata was collected in field plots on 28 March in 
upstate New York (Tahvanainen 1971), while P. cruciferae was not found in the same 
location until 5 April, following a period of warm weather. 
After emerging from overwintering sites, adult flea beetles mate and then 
oviposit in the soil near the base of cruciferous plants (Newton 1928, Westdal and 
Romanow 1972, Burgess 1977). At field sites in Glenlea, Manitoba (latitude: 49° 42’ 
15”), no fertilized females of P. cruciferae were found until 18 May (28% fertilized), 
one month after emergence from overwintering sites (Wylie 1979). Fertilized females of 
P. striolata were found in the same field more than two weeks earlier (on 28 April) than 
fertilized females of P. cruciferae (Wylie 1979). By 25 May, Wylie found that all 
females were fertilized, as were all females of both species collected during June and 
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most of July. Wylie (1979) also found that fertilized females of P. cruciferae kept in 
isolation for 72 hours did not contain spermatophores, which led him to conclude that 
females mate repeatedly. 
Development Rate 
Kinoshita et al. (1979) studied the life cycle of the crucifer flea beetle under both 
controlled laboratory conditions and in the field. In laboratory studies, overwintering 
adults removed from cold storage oviposited in 8 to 13 days. The pre-oviposition period 
was 3.8 days at 32°C and 22 days at 20°C. Adult beetles required 64 degree days above 
a base temperature of 16.7°C for oviposition (Kinoshita et al. 1979). Adults from 
subsequent non-overwintering generations, held at 25°C and 16:8 light to dark, 
oviposited within 10 days of emergence. In field studies, Wylie (1979) found mature 
eggs in P. cruciferae beginning on May 25 and concluded that oviposition began at the 
end of May in Glenlea, Manitoba. Wylie also reported collecting females of P. striolata 
containing mature eggs in May. 
The Egg Stage 
The eggs of P. cruciferae are approximately 0.4 mm long, smooth, yellow and 
oval (Westdal and Romanow 1972). The number of eggs produced per female has not 
been clearly determined. Newton (1928) reported that females laid eggs in batches of 
25, but he was unable to measure total oviposition because beetles did not reproduce 
well under laboratory conditions. In comparison, Varma (1961) reported that females 
laid eggs either singly or in batches of two to three eggs, with a single female flea beetle 
producing 60 to 80 eggs during an oviposition period of approximately one month. 
Westdal and Romanow (1972) found that eggs were laid either singly or in groups of 
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three to four in the soil, on the soil surface, on the sides of the cage, or on the leaves and 
stems of plants. Kinoshita et al. (1979) found that four to five hundred unsexed crucifer 
flea beetles in a cage produced approximately 2000 eggs per week. In the field, P. 
cruciferae lays its eggs on the soil around the host plant (Newton 1928). Under 
laboratory conditions, female flea beetles preferred to oviposit on soil containing 
germinating cruciferous seed and seedlings (Kinoshita et al. 1979). Kinoshita et al. 
(1979) calculated that 80 degree days above the base temperature of 11.2°C were needed 
for egg hatch (Table 1). At 25°C, eggs from P. cruciferae hatched in 5.6 days and at 
30°C, eggs hatched in 4.2 days (Kinoshita et al. 1979). 
Eggs of the striped flea beetle, P. striolata, are similar in size and shape to those 
of P. cruciferae, and are generally oviposited in small groups (Harukawa and Tokunaga 
1938). They are covered with a gelatinous material that makes them initially slightly 
sticky. As the eggs develop, the color gradually changes from yellow to white as the 
yolk is consumed. Eggs of P. striolata develop faster than those of P. cruciferae, 
hatching in 4.6 days at 27°C (Harukawa and Tokunaga 1938). 
The Larval Stages 
P. cruciferae has three larval stages (Newton 1928, Westdal and Romanow 
1972). First instar larvae feed on root hairs, while second and third instars feed on roots. 
Westdal and Romanow (1972) give descriptions of the larval instars. Larval 
development from hatch to the prepupa stage requires approximately 197 degree days 
above a base temperature of 11.8°C (Kinoshita et al. 1979) (see Table 1). Like the 
crucifer flea beetle, the striped flea beetle has three larval stages (Harukawa and 
Tokunaga 1938). According to Harukawa and Tokunaga (1938), at 26.5°C larval 
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development is completed in 14.5 days (this time period includes the prepupal period). 
In P. cruciferae, third instars secrete a sticky brown substance that is used to form an 
earthen pupation cell (Kinoshita et al. 1979). 
The Pre-Pupa and Pupa 
In P. cruciferae, the prepupa requires 44 degree days above 11.5 °C to develop 
into a pupa. The pupal stage requires 112 degree days above 11.8°C. The pupal stage of 
P. striolata lasts for 7.2 days at 26.5°C (Harukawa and Tokunaga 1938). Teneral adults 
of P. cruciferae remain in the soil for one or two days, until their cuticle changes from 
white to black (Burgess 1977). 
Seasonal Phenology and Voltinism 
At sites in Saskatoon, Saskatchewan (52°7' N latitude), crucifer flea beetle larvae 
were found in the soil of canola fields from early June to early August at densities 
ranging from a few to 1700 larvae per 0.5 m2 soil sample (Burgess 1977). Burgess noted 
scarring on the root tissue of rape plants in areas with heavy flea beetle infestation, 
which he attributed to larval feeding. Tahvanainen (1971) recorded the emergence of 
2500 to 2800 crucifer flea beetles per collard plant over a three month period, and 360 to 
780 striped flea beetles per collard plant. The abundance of the adult striped flea beetles 
peaked two weeks earlier in August than did that of adult crucifer flea beetles. Burgess 
(1977) found that peak emergence of the new generation of P. cruciferae occurred from 
the second to the ninth of August in Saskatoon. Tahvanainen (1971) noted that new 
adults fed vigorously for several days after emergence and then underwent an undirected 
movement to overwintering sites, where they settled in variety of habitats. 
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The reported number of generations per year for species of Phyllotreta varies 
considerably within the literature, even for comparable latitudes and climates. In France, 
Bonnemaison (1965) stated that most Phyllotreta species have only one generation per 
year. He added, however, that some of the earliest adults to emerge may oviposit, giving 
rise to partial second generation. In studies done in Saskatchewan, Burgess (1977) 
observed mating of P. cruciferae only in the spring, and did not observe mating of the 
newly emerged generation in the fall. Wylie (1979) concluded that, in the vicinity of 
Winnepeg, Manitoba (49° 54’ N), both P. cruciferae and P. striolata were univoltine, as 
females collected after 2 August and 3 August, respectively, did not contain 
spermatophores and were not fertilized. Feeny et al. (1970) and Tahvanainen (1971) 
found only one new generation per year of both P. cruciferae and P. striolata in upstate 
New York (42° 27’ N). Westdal and Romanow (1972), on the other hand, found that 
under favorable conditions in Manitoba, newly emerged summer adults did mate in some 
years. 
Locations at lower latitudes, with warmer climates, report more generations per 
year. Milliron (1958) observed two complete generations of P. cruciferae in Delaware. 
In New Delhi, India (latitude 28° 37’ N), P. cruciferae is reported to have seven to eight 
generations per year (Varma 1961). Kinoshita et al. (1979) found that, for P. cruciferae 
in Ontario (42° 51' N), the number of generations per year was dependent on 
temperature. They also hypothesized that photoperiod may be a factor affecting mating 
and reproduction and that adults emerging after 21 June (when the photoperiod is 
decreasing) would not mate or oviposit. 
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Laboratory Rearing 
Researchers attempting to rear P. cruciferae have found it difficult to establish 
colonies under laboratory conditions (Newton 1928, Bracken and Bucher 1986). 
Bracken and Bucher (1986) found that most female flea beetles, while containing mature 
eggs, did not lay viable eggs when caged for four days over canola. However, several 
researchers have successfully reared P. cruciferae (Varma 1961, Westdal and Romanow 
1972, Kinoshita et al. 1979). Phyllotreta striolata, in contrast, is more amenable to 
laboratory rearing. Colonies have been successfully maintained by Harukawa and 
Tokunaga (1938) and Burgess and Wiens (1976). In all published accounts, Phyllotreta 
species have been reared on live plants. 
Overwintering 
Phyllotreta species overwinter as adults (Newton 1928). In Great Britain, 
Newton (1928) found that the last generation of adult beetles left fields after feeding and 
moved to protected places near the field edge, but generally did not burrow into the soil. 
He also noted apparent differences between species as to the location of their 
overwintering sites, with ‘unicolorous’ species (e.g., P. cruciferae and others) being 
found under debris in banks and hedgerows and striped species (e.g., P. striolata) found 
in wooded areas. Burgess (1981) studied flea beetle overwintering sites on the Canadian 
prairie. While adult beetles were found in a variety of habitats, the greatest density of P. 
cruciferae occurred in hedges and/or shelterbelts alongside rape fields. The greatest 
density of P. striolata, on the other hand, was found in leaf litter beneath groves of trees. 
Neither species was found in large numbers in the stubble of canola fields, grassy areas, 
or within the soil. In Manitoba, Canada, Wylie (1979) found overwintering P. 
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cruciferae in the leaf litter beneath deciduous trees. No beetles were found in soil 
samples. Wylie (1979) estimated the winter mortality of P. cruciferae in Manitoba to be 
approximately 24%; in comparison, mortality in P. striolata was only 9.8%. 
Westdal and Romanow (1972) found that emergence of P. cruciferae from 
overwintering sites occurred during the first extended period of warm weather, with 
populations reaching peak abundance in late May or early June in Manitoba. Burgess 
(1977) reported that adult crucifer flea beetles in Saskatchewan (52° T N latitude) 
survived for approximately three months after emerging from overwintering. Harukawa 
and Tokunaga (1938) noted that the adult striped flea beetle can live for several months. 
They attributed the long life of this beetle to the fact that the beetle does not become 
sexually mature for some time after emergence. 
For rearing in the laboratory, it is sometimes necessary to use cold to break 
diapause of field-collected adult beetles. Beetle survival during chilling increased if the 
adult beetles were pre-conditioned for approximately 29 days with 8 hours of light at 
19°C and 16 hours of dark at 7°C before being exposed to cold temperatures (0-2°C) 
(Kinoshita et al. 1979). Eight to ten weeks of cold temperatures are sufficient to 
terminate diapause in Phyllotreta species (Kinoshita et al. 1979). 
Host Plants and Host Plant Location 
Flea beetle species in the genus Phyllotreta are considered specialists on 
Brassicaceae (Bonnemaison 1965, Rivero-Lynch et al. 1996). In choice and no-choice 
tests in the laboratory, Feeny et al. (1970) found that flea beetles fed on plants in the 
families Capparidaceae, Cruciferae [now Brassicaceae], Tropaeolaceae, and 
Limanthaceae, all of which contain glucosinolates. However, plants in the brassica 
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family were always preferred over those in other families, and in field trials, flea beetles 
fed almost exclusively on Brassicaceae. Within the Brassicacae, Burgess (1977) 
reported that both the crucifer flea beetle, P. cruciferae, and the striped flea beetle, P. 
striolata, fed on a wide range of species. In laboratory experiments. Lamb and 
Palaniswamy (1990) found adult P. striolata fed on species in the genera Brassica, 
Raphanus, and Sinapsis, but that plants in the genus Sinapsis were less preferred than 
plants from other families. Damage to North American wild brassicas from adult P. 
cruciferae varied greatly, with large numbers of beetles found on Rorippa islandica 
(Oeder) and Erucastrum gallicum (Willd), while few to no beetles were found on 
Capsella bursa-pastoris (L.) and Thlaspi arvense (L.) (Palaniswamy and Lamb 1998). 
Members of the Brassicaceae family are characterized by sulfur-containing 
glucosides, known as glucosinolates, and their by-products (Mitchell and Richards 
1979). The defensive compounds of the Brassicaceae family are well known and have 
been widely studied for many years (Feeny 1977). Glucosinolates and their breakdown 
by-products (isothiocyanates) are known to have antibiotic and anti-fungal properties, 
may function as allelopathic substances, and can be toxic to generalist herbivores (Feeny 
1977, Fahey et al. 2001). A variety of insect herbivores have evolved mechanisms to 
tolerate these compounds (Feeny 1977, Ratzka et al. 2002). Furthermore, glucosinolates 
and their breakdown products may stimulate feeding and/or oviposition in specialist 
herbivores such as Phyllotreta cruciferae, Plutella xylostella, Delia radicum, and Pieris 
rapae (Feeny et al. 1970, Hicks 1974, Siemens and Mitchell-Olds 1996, Mewis et al. 
2002, Stadler et al. 2002). Feeny et al. (1970) found a correlation between the level of 
attack by Phyllotreta species and the presence of glucosides in the plant (i.e., species 
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with higher levels of glucosides sustained higher levels of attack). Neither Lamb (1988) 
nor Bodnaryk and Palaniswamy (1990) found differences in feeding damage by P. 
cruciferae among brassica cultivars with high or low levels of glucosinolates. 
Host plant location by Phyllotreta species is relatively unknown (Lamb and 
Palaniswamy 1990). Feeny et al. (1970) found that allyl isothiocyanate (a breakdown 
product of glucosinolates) was an attractant for P. cruciferae and P. striolata, and 
hypothesized that flea beetles use this compound as a long-range attractant to locate 
hosts. However, when flea beetles were released on bare ground 2 meters from a patch 
of collards, only 40% of them were recovered from the patch 24 hours later; at a 
distance of 8 meters, less than 5% of the beetles were recovered (Kareiva 1985). Field 
experiments with brassicas enclosed in mesh cages indicated that olfactory stimuli from 
the brassicas attracted flea beetles to the plants, but it is likely this attraction only 
occurred over short distances (Lamb and Palaniswamy 1990). Other brassica specialists 
use glucosinolates and their breakdown products to locate host plants. The cabbage root 
fly, Delia radicum, responds to the olfactory stimuli of hydrolyzed glucosinolates at 
distances of 5 to 15 meters downwind (Prokopy 1986). Isothiocyanates are used by the 
cabbage seed weevil, Ceutorhychus assimilis, to locate groups of host plants (Moyes and 
Raybould 2001). 
In addition to olfactory stimuli, visual stimuli such as plant color are used by the 
cabbage root fly for host plant location (Prokopy 1986). Visual stimuli are used by a 
number of insect herbivores to detect host plants (Prokopy and Owens 1983). Color 
appears to influence flea beetle behavior, with yellow and white being preferred to other 
colors such as red or blue (Adams and Los 1986, Laska et al. 1986, Vincent and Stewart 
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1985). Prokopy and Owens (1983) hypothesized that yellow represents a ‘super-normal’ 
foliage stimulus, resulting in a positive response to yellow by a wide variety of 
herbivorous insects. 
Management 
Damage Caused by Feeding 
Adult beetles chew small holes in the leaves of the plants, resulting in ‘shot-hole’ 
damage (Burgess 1977). Damage may lead to complete crop loss or can result in 
permanent stunting of plants and reductions in yield (Lamb 1984). Feeding on the 
flowers and seed heads of canola can reduce crop yield or result in uneven seed 
maturation (Burgess 1977). Bracken and Bucher (1986) found that the yield and plant 
stand in canola increased when plants were protected from adult flea beetles; plants need 
protection for about 20 days after germination to avoid yield loss. Flea beetle 
(Phyliotreta pusilla Horn) densities of ten beetles per plant significantly reduced head 
size and yield in broccoli and cabbage cultivars in comparison to plots with flea beetle 
densities of 0, 2, or 5 beetles per plant (Al-Doghairi 1999). Root and Tahvanainen 
(1969) found that across sample dates, adults of both P. cruciferae and P. striolata were 
more common on plants in cultivated fields than in non-cultivated fields. Tahvanainen 
(1971) reported that feeding by crucifer flea beetles was concentrated on top leaves and 
upper surfaces, while feeding of striped beetles was found more frequently on lower 
leaves and undersurfaces of leaves. 
Larval flea beetles feed on the roots and root hairs of cruciferous plants. 
Relatively few data exist on the impact of this feeding on the plants, either in terms of 
plant growth or yield. Experimental data of Bracken and Bucher (1986) indicated that 
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larval feeding reduced canola yield. Kinoshita et al. (1978) stated that the larvae can 
destroy roots and reduce marketability of root crops, but no data or references were 
presented to support this claim. 
Flea Beetle Monitoring 
Various methods have been used to monitor flea beetle populations in brassicas. 
Traps baited with allyl isothiocyanate (mustard oil) have been successfully used to 
capture P. cruciferae and P. striolata (Burgess and Wiens 1980, Cho et al. 1994). Lamb 
(1983) evaluated several different methods of trapping flea beetles, including suction 
traps, cylindrical yellow sticky traps and flat yellow sticky traps, and found that 
cylindrical sticky traps that were baited with allyl isothiocyanate captured more beetles 
than unbaited traps. Lamb and Palaniswamy (1990) found that traps (of any color) 
baited with allyl isothiocyanate caught large numbers of beetles, and noted that the allyl 
isothiocyanate appeared to attract beetles from a greater distance than did plots of 
brassica plants. Liblikas et al. (2003) tested the attractivity of a number of compounds 
derived from the breakdown of glucosinolates in Brassica leaves, to Phyllotreta 
undulata and Phyllotreta vittata [= P. striolata]. 
Flea beetles are able to discriminate between colors, and trap color can affect the 
number of beetles captured. Yellow sticky traps captured significantly more com flea 
beetles, Chaetocnema pulicaria Melsheimer, than all other colors tested (Adams and Los 
1986). Laska et al. (1986) found that Phyllotreta species showed a slight preference for 
yellow over the colors green, white, red and blue. Vincent and Stewart (1986) reported 
that white and yellow traps captured significantly more adults of P. striolata than did 
green or red traps. While the response of P. cruciferae to colored traps was less 
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consistent, white and yellow traps tended to catch more beetles than did green or red 
traps. 
Management with Pesticides 
Prior to the advent of DDT and other pesticides, a wide range of substances and 
methodologies were used to reduce damage to crops caused by flea beetles. Leftejew 
(1913) recommended six methods for flea beetle management in Russia: 1) spray an 
infusion of wormwood, 2) use smoke, 3) spread sand or gravel between the plants, 4) use 
slag, 5) sprinkle plants with manure water, or 6) apply petroleum to the soil surface. 
Gibson (1913) recommended the use of Bordeaux mixture or Paris green in conjunction 
with slaked lime, or lead arsenate (only to be used until the cabbage heads start forming). 
Slaked lime mixed with Paris green was also recommended by Dindon (1915) and Smith 
(1916). For the control of P. vittata (= P. striolata) in cabbage fields in Russia, Averin 
(1913) suggested fumigating the beds with tobacco, spraying with barium chloride or 
wormwood, placing horse-dung on the beds, or sifting ashes onto the leaves. Dung 
water was considered the most successful remedy by Baranov (1914). 
Many of the management techniques described for flea beetles had limited and 
variable success in the field. Sacharov (1915) found that dusting the fields with ashes, 
lime, tobacco, or slag only repelled beetles temporarily. Schreiber (1916) found that 
wormwood had little effect on Phyllotreta species. Austin (1929) tested pyrethrum 
extracts of various strengths against a number of insect pests, and found they had no 
appreciable effect on species of Phyllotreta. 
During the 1940s and 1950s, new compounds such as DDT and chlordane 
became available for insect control. Sun (1948) found that both chlordane and DDT 
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gave good control of P. vittata (= P. striolata). Bonnemaison (1965) recommended 
DDT, along with lindane, dieldrin, diazinon, parathion, toxaphene, heptachlor or 
endosulfan, for use against Phyllotreta species in France. DDT, lindane, dieldrin, 
heptachlor and endosulfan are all organochlorine compounds. Since these compounds 
tend to accumulate in fatty tissues, and may cause serious environmental problems, most 
of these compounds were banned or severely restricted in their usage in the 1970s in the 
United States. Of the pesticides listed above, usage of all but endosulfan is currently 
banned or severely restricted in the United States (EPA 2003). The imposition of more 
stringent environmental controls in many regions, such as North America and Europe, 
has removed many pesticides from use. Older management strategies for flea beetles, 
such as soaking the soil with petroleum, would also be unacceptable today. As older 
pesticides are being removed from usage, they are being replaced by pesticides that are 
more selective, less toxic to non-target organisms such as mammals and birds, and more 
effective in smaller quantities. 
One relatively old pesticide that is still widely used today against many pests, 
including flea beetles, is carbaryl (New England Vegetable Management Guide 2004- 
2005). Carbaryl, a carbamate, was found to be the most effective and most persistent 
chemical against flea beetles in laboratory studies; however, carbaryl does not 
adequately control beetles during years of high beetles density (Weiss et al. 1991). Also, 
flea beetles in parts of Canada may be developing some resistance to commonly used 
carbamate pesticides such as carbofuran, carbaryl and oxamyl (Tumock and Turnbull 
1994). 
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Many of the compounds currently in use for the control of flea beetles are 
synthetic pyrethroids such as cypermethrin, bifenthrin, lamba-cyhalothrin, and zeta- 
cypermethrin (New England Vegetable Management Guide 2004-2005). Recently, 
neonicotinoid pesticides such as imidacloprid and thiamethoxam have been developed. 
Imidacloprid and thiamethoxam seed treatments were effective at reducing the number 
of com flea beetles (Chaetocnema pulicaria Melsheimer) and the transmission of 
Stewart’s wilt (Erwinia stewartii Smith) (Kuhar et al. 2002). Imidacloprid, applied as a 
seed treatment, was found to reduce damage to the plants caused by flea beetles (Finch 
and Edmonds 1999). Thiamethoxam provided protection from flea beetles that was equal 
to or better than current commercial standards for canola production (lindane or 
imidacloprid), with treated plants often exhibiting a ‘vigor’ effect (Doyle et al. 2001). 
McLeod et al. (2002) found that thiamethoxam significantly reduced numbers of Epitrix 
fuscula Crotch (eggplant flea beetle) on eggplant (Solanum melongena L.) compared to 
an untreated control. In addition, thiamethoxam and chlorfenapyr were longer lasting in 
their effects than some other compounds tested. 
Biorational pesticides are those that are relatively non-toxic to humans and have 
few environmental side effects. Some common examples are spinosad. Bacillus 
thuringensis (Bt), and neem. McLeod et al. (2002) found that spinosad significantly 
reduced E. fuscula numbers on eggplant compared to an untreated control. The efficacy 
of spinosad for control of flea beetles is partially dependent on temperature, with 
spinosad causing a significantly higher mortality in flea beetles at 25°C than at 15°C, 
although feeding damage was similar at both temperatures (Benjamin, Elliot and Gillot, 
unpublished data). Al-Doghairi et al. (1997) found that use of azatin (an 
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azadiractin/neem product) resulted in the highest reduction of Phyllotreta pusilla Horn 
among organic compounds tested on broccoli. However, this reduction only lasted one 
to two days. In Asia, experiments have been done with a compound known as GCSC- 
BtA, a formulation that contains both B.t. and abamectin. Experiments conducted by 
Sengonca et al. (2001) found that GCSC-BtA caused an average mortality of 69% for P. 
vittata (= P. striolata) in laboratory studies. Pipithsangchan et al. (2001) stated that 
while bio-insccticides, such as B.t. and nematodes, may be as effective at reducing 
damage as synthetic insecticides such as cypermethrin, profenfos, and chlorfenapyr, the 
synthetic insecticides will be more practical for use due to lower costs. 
Generally, pesticides are used to reduce populations of adult flea beetles. There 
are no pesticides commercially available which specifically target the larval stages of the 
flea beetle, although it seems likely that systemic pesticides might have that effect. 
Kinoshita et al. (1978) maintained that residual levels of organochlorine insecticides 
such as DDT, which persisted for several years in the soil following the ban on such 
compounds, may have reduced flea beetle populations in Canada by inhibiting 
reproduction. While the paper claimed to be measuring the effect of insecticides on both 
adults and larvae, no actual counts of larvae or their damage were presented. 
Non-Chemical Management Options 
Before the development of pesticides, a variety of non-chemical management 
strategies for flea beetles were proposed. Gibson (1913) suggested late sowing of crops 
to avoid attack by adult beetles. Leftejew (1913) recommended the use of trap cropping 
to protect cabbage, although he cautions that this must be done carefully, otherwise the 
trap crop will simply provide more food for the beetles. Several authors, such as Parrott 
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and Glasgow (1919) and Wagle (1924), protected brassicas from flea beetles by growing 
the crops in frames covered by cheesecloth or a fine meshed net. Sacharov (1915) 
recommended removing beetles by capturing them on a ‘sticky trolley’ that is passed 
over the tops of the plants. Leftejew (1913) and Wagle (1924) used plates or racquets 
coated in a sticky substance, which could be passed over the crop to catch beetles as they 
hopped off the plants. 
One current non-chemical technique is the use of spunbonded row covers placed 
over beds of greens to exclude flea beetles (New England Vegetable Management Guide 
2004-2005). This method is widely used in organic production of leafy brassica greens. 
Some research has also been done on the use of trap cropping to control flea beetles and 
other pests of brassicas. Howard and Parker (2000) found that Chinese cabbage, 
summer turnip, Indian mustard, or Chinese radish were all more attractive to flea beetles 
than the main crop of swede (rutabaga; Brassica napus), and suggested that these may be 
used as trap crops on organic farms. While many university extension websites cite the 
use of trap crops as a non-chemical management tool to reduce damage by flea beetles, 
no peer-reviewed journal articles which supported this claim were found. 
Conclusion 
While certain aspects of the biology and management of the flea beetles P. 
cruciferae and P. striolata have been extensively studied, further research is needed in 
some areas. Much of the research on flea beetle biology was done in the Canadian 
Prairie Provinces, which are significantly different both in terms of climate and extent of 
available habitat from western Massachusetts. Furthermore, the crops and their method 
of production vary between sites. Much of the published literature is based on flea 
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beetles as pests of canola. Canola is typically grown on a large scale, with almost 10 
million acres of canola grown in Canada each year, primarily in Alberta and 
Saskatchewan. Growers in Massachusetts produce crops such as collards, cabbage or 
leafy brassica greens on a small scale in comparison to canola production. Also, canola 
is grown for seed production, and damage to the plant is only of concern when it reduces 
the plant’s ability to produce seeds. In crops such as collards, cabbage, and other leafy 
greens, the leaves are marketed, and damage to the leaves can reduce the value of the 
crop or make it unmarketable. 
Two main areas are of interest to me in this research project. I propose to 
investigate the biology of P. cruciferae and P. striolata in western Massachusetts, and 
also to evaluate methodologies for the control of flea beetles in leafy brassica crops. The 
location of overwintering sites for flea beetles in western Massachusetts will be 
investigated. A second objective is to determine the life cycle of flea beetles in New 
England, including the number of generations and patterns of feeding, which enable 
growers to predict when crops would be most in danger of flea beetle attack, and help 
them develop methods to avoid or control damage. A third objective is to assess the 
economic damage caused by flea beetles by determining the acceptable level of damage 
for various markets. Finally, I plan to test the efficacy of a variety of pesticides or other 
management options for flea beetle control. 
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CHAPTER 2 
LIFE HISTORY OF PHYLLOTRETA CRUCIFERAE IN MASSACHUSETTS 
Abstract 
The flea beetle Phyllotreta cruciferae (Goeze) is an agricultural pest of Brassica 
crops. The life history of P. cruciferae in Massachusetts was investigated from 2001 to 
2003. Samples of leaf litter, organic debris and soil were collected from a variety of 
habitats to determine the location of flea beetle overwintering sites surrounding 
agricultural fields. Significantly more P. cruciferae were found in the leaf litter beneath 
shrubs and brush or in wooded areas than in grass, within field debris, or in soil samples 
taken within each habitat. Dissections of field-collected female beetles suggested the 
occurrence of a partial second generation by P. cruciferae in 2003. Changes in the 
feeding and response to yellow sticky traps by P. cruciferae were monitored in caged 
experiments in the laboratory in 2002 and 2003. The propensity of P. cruciferae to feed 
on collard plants peaked in June and again in August, as did beetle response to yellow 
sticky traps. A significant correlation was found between feeding and attraction to the 
yellow traps. 
Introduction 
The introduced flea beetles Phyllotreta cruciferae (Goeze) and Phyllotreta 
striolata (Fabricus) are significant agricultural pests on brassica crops in the United 
States and Canada (Feeny et al. 1970, Lamb 1984, Palaniswamy and Lamb 1992). 
Agricultural practices for the production of brassica greens, in which the crops are 
seeded at regular intervals throughout the growing season, provide a constant source of 
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food for many insects that are brassica specialists, including P. cruciferae. In the 
northeastern United States, large numbers of flea beetles can be seen in fields of 
brassicas from May until early July, and again from early August until the first hard frost 
(C.A., personal observation). While adult beetles are present in the field for the majority 
of the growing season, information from Massachusetts growers and personal 
observations indicate that damage to crops varies over time, with peak damage occurring 
in June and again in early August. In order to understand changes in flea beetle 
population dynamics and behavior, and their relation to crop damage, it is necessary to 
understand the life history of flea beetles, including overwintering sites and reproductive 
biology. 
In the early spring, adult flea beetles emerge from the sites where they 
overwintered and invade newly planted fields of brassicas, resulting in stunted plant 
growth, reduced market value of produce, or even plant death and crop loss (Newton 
1928, Milliron 1958, Kinoshita et al. 1979, Tumock and Turnbull 1994). Data collected 
in the prairie regions of Canada suggest that flea beetles tend to overwinter in the field 
edges beneath hedgerows and trees, and not within the field itself (Burgess 1977, Wylie 
1979, Lamb 1983). However, crop systems, climate, and available habitats differ greatly 
between the Canadian prairie and the northeastern United States. 
After emerging from overwintering sites, adult flea beetles live for approximately 
three months, during which time they feed and reproduce (Burgess 1977). The number 
of generations per year reported for species of Phyllotreta varies by location. Generally, 
flea beetles are univoltine in northern temperate areas such as upstate New York and 
Canada (Bonnemaison 1965, Feeny et al. 1970, Tahvanainen 1971, Wylie 1979). 
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However, partial second generations have been observed in Manitoba and Ontario under 
favorable weather conditions (Westdal and Romanow 1972, Kinoshita et al. 1979). In 
warmer climates, anywhere from two to eight complete generations per year may occur 
(Milliron 1958, Varma 1961). 
Very little is known about the feeding behavior and the mechanisms through 
which Phyllotreta species locate host plants (Peng and Weiss 1992). Color appears to 
influence flea beetle behavior, with yellow and white being preferred to other colors 
such as red or blue (Adams and Los 1986, Laska et al. 1986, Vincent and Stewart 1985). 
Prokopy and Owens (1983) hypothesized that yellow represents a ‘super-normal’ foliage 
stimulus, resulting in a positive response to yellow by a wide variety of herbivorous 
insects. In addition, allyl isothiocyanate, a volatile breakdown product of glucosinolates 
found in brassica leaves, is highly attractive to flea beetles (Feeny et al. 1970, Burgess 
and Wiens 1980, Lamb 1983). 
Various methods have been developed to trap and monitor flea beetle populations 
in brassicas (Burgess and Wiens 1980, Lamb 1983, Adams and Los 1986, Lamb and 
Palaniswamy 1990, Cho et al. 1994). However, Lamb (1983) found that neither sticky 
traps nor suction traps (baited or un-baited) provided a reliable system for monitoring 
flea beetle populations in a field setting. In addition, personal observations and 
anecdotal evidence in brassica crops in Massachusetts suggest that measures of flea 
beetle population may not correlate well with the level of crop damage because of 
variation in feeding by the adult beetles at different times in the season. 
A better understanding of the life history of P. cruciferae in the northeastern 
United States, including location of overwintering sites, time of spring emergence, 
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reproductive phenology, and seasonal changes in feeding and trap catches, should 
provide growers with information to improve their management of flea beetle 
populations in brassica crops. Accordingly, my objectives were to (1) compare numbers 
of flea beetles overwintering in different habitat types, (2) investigate the reproductive 
phenology of P. cruciferae in Massachusetts within an agricultural system, (3) evaluate 
the propensity of the beetles to feed throughout the season, and (4) evaluate the 
reliability of yellow sticky traps as a way to estimate population densities throughout the 
season. 
Materials and Methods 
Overwintering 
In western Massachusetts, four types of habitats are generally available as 
overwintering sites for flea beetles. The first type, usually located immediately adjacent 
to field edges, is a mowed grassy margin. The second type is a shrubby or brushy border 
which contains a variety of plant types and species such as wild blackberries (Rhubus 
sp.), goldenrod (Solidago sp.), tall grasses, shrubs, and saplings. The third type of 
habitat is wooded areas adjacent to brassica fields. The final option is for beetles to 
remain within the cultivated field, which may either be plowed under in the fall or left 
unfilled. Samples were collected from three sites representing each of the four habitat 
types in Massachusetts over a three year period. 
Winter 2001-2002 
Samples were collected on a section of a commercial farm in Sunderland, 
Franklin County, Massachusetts (42°28rN) in December 2001. The field, which was 
bordered on the western side by the Connecticut River, had been planted to kale and 
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collards (Brassica oleracea) during the summer, and was known to have had a high flea 
beetle population into the fall. On the eastern and western sides of the field, three 
distinct borders existed: (1) a mowed grassy strip approximately three meters wide 
directly adjacent to the field, (2) a shrubby/brush border one to two meters in width and 
located beyond the grass, and (3) a strip of woods at least 10 meters wide (Fig. 1). 
Connecticut River 
West 
border: 
300 ft 
East 
border: 
170 ft 
Figure 1. Diagram of sampling site, Dewitt Farm 2001. 
To collect the samples, a metal cylinder with a diameter of 46 cm and a saw¬ 
toothed edge was placed over the sample site and rotated while pushing downward until 
the teeth penetrated into the soil. All organic matter within the confines of the cylinder 
(0.16 m2 surface area) was collected and placed in labeled bags. After the material had 
been removed, a handheld vacuum (Dustbuster 4.8 volt, Black and Decker, Towson, 
MD) was used to vacuum the soil surface of the sample site to collect loose material. 
33 
Thirty samples were taken from each border type. A tape measure was laid along 
the western (A to B) and eastern (C to D) field edges, and random points along the line 
were chosen as locations for east to west transects. At each randomly chosen sample 
site, an east to west transect was established and one sample was taken from each habitat 
type (Fig. 1). Twenty samples were collected from the western side of the field (which 
had a longer border) and ten samples were collected from the eastern side. 
The collected samples were taken to the University of Massachusetts, where they 
were stored in a cooler at 2 to 3°C for three months to approximate outside conditions. 
On 8 March 2002 the samples were removed from the cooler and the content of each bag 
was emptied into a 19 liter emergence cage constructed from cylindrical cardboard ice 
cream containers with a collection cage inserted into the lid to collect flea beetles as they 
emerged from the sample. The cages were held at 20 to 22°C on benches in the 
laboratory out of direct sunlight. 
Each day, all flea beetles in the collection cages were counted and removed using 
an aspirator. Samples were checked daily for a one-week period, after which no more 
flea beetles emerged from the sample material. At this point, each cage was opened, and 
the material inspected for the presence of dead beetles. 
Winter 2002-2003 
Samples were collected from two field sites. The first site was a commercial 
farm located along the Still River in Lancaster, MA (42°29'N). Samples were collected 
along a 30 m section of a field adjacent to the river that had been planted to an 
assortment of brassica crops the previous summer. The field had not been tilled, and 
contained a mixture of herbaceous weeds and brassicas at the time of sampling. Ten 
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samples were collected at random from three habitat types: (1) within the field, 10 m 
from the field edge, (2) a grassy border approximately 2 to 4 m wide adjacent to the 
field, and (3) a shrubby border approximately 2 to 4 m wide located beyond the grassy 
border. 
Sampling methods and storage were the same as described above. Samples were 
removed from the cooler on 21 March 2003 and placed in emergence cages, and 
emerged beetles were counted as in 2001-2002. 
A field at a commercial farm in Whately, MA (42°26*N), in which brassicas had 
been grown in late summer 2002, was used as the second site. Before sampling could be 
implemented in the fall, early snow covered the site, which remained snow-covered until 
late March. As soon as the site was accessible, but prior to the emergence of adult 
beetles, samples were collected (27 March 2003 and 10 April 2003). Four habitats were 
sampled along the eastern field margin: (1) a mowed grassy border 1 to 2 meters wide, 
(2) a shrubby border 1 to 2 meters wide, and (3) a wooded area beyond the shrubby 
border that extended back for more than 20 m. On the western side, samples were 
collected from an abandoned and overgrown blueberry patch that contained tall, 
unmowed grasses, herbaceous weeds, and old high-bush blueberries (Vacinium sp.). Ten 
samples were collected from each habitat. The samples from the eastern side were 
collected along transects, as for previous samples. Samples from the blueberry patch 
were collected along a transect 2 m in from the field edge. Samples were returned to the 
laboratory and immediately placed in emergence cages. Beetle emergence collection 
was the same as for other years. 
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Winter 2003-2004 
Samples were collected on 21 November 2003 at the same field in Lancaster, 
MA, that was sampled in 2002. The field again contained a mixture of brassicas and 
weeds that had not been tilled under in the fall. Three habitats were sampled along a 50 
m section of the field: (1) 10 m into the field from the edge, (2) the shrubby border (1-2 
m wide) next to the field, and (3) the woods beyond the shrubby border. The grassy area 
was not sampled, as few to no beetles were found in grassy areas in any previous year or 
location. 
Twenty samples were collected from each habitat type. Samples were collected 
following the same method as in previous years. However, after the leaf litter and 
surface debris were removed and placed in bags, the top 2 cm of soil was removed from 
the entire sample area and placed in a separate bag. In 2003-2004, samples were stored 
at the University of Massachusetts Agronomy Farm in bins in an unheated tobacco bam. 
Air temperature in the bam was essentially equivalent to that of the outside air 
temperature, but samples were protected from wind chill. Samples were removed from 
the bam in two stages. One half of the samples was removed on 5 March 2004 and 
placed in emergence cages on laboratory benches at the University of Massachusetts. 
The second half of the samples was removed from the bam on 31 March 2004. In both 
cases, samples were solidly frozen until being placed in the emergence cages. Beetle 
collection occurred as in previous years. 
Statistical Analysis 
Overwintering data were analyzed using SAS version 8.2 for Windows (SAS 
Institute 2001). Before analysis, flea beetle counts were log transformed to equalize 
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variances. For each year and sample site, analysis of variance (PROC GLM) was used 
to evaluate differences in the number of beetles between habitat types. Differences 
among the means were analyzed with the Ryan-Einot-Gabriel-Welsh multiple range test 
(Day and Quinn 1989). 
Reproductive Phenology of Phyllotreta cruciferae 
Degree Day Determination 
Both soil and air temperature data were collected at a weather station on the 
University of Massachusetts Agronomy Farm in South Deerfield, MA, using the 
Datalogger system with PC208 software (Campbell Scientific, Logan, UT). Minimum 
and maximum daily temperatures, in conjunction with published base development 
temperatures for P. cruciferae (Table 1, Kinoshita et al. 1979), were used to calculate 
daily degree days using the single sine method (University of California Statewide 
Integrated Pest Management Program 2003). 
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Table 1. Developmental requirements for Phyllotreta cruciferae (data from 
Kinoshita et al. 1979). 
Stage 
Base 
temperature 
(°C) 
Degree Days 
(°C) 
Preoviposition 16.7 61.0 
Egg 11.2 80.0 
Larva 11.8 197.0 
Prepupa 11.5 44.0 
Pupa 11.8 112.0 
Total (egg- adult) 433.0 
Total (egg- adult) + 
preoviposition 494.0 
Degree day model based on Kinoshita et al. 1979 
Soil temperatures at 2 and 4 cm were monitored because the immature stages of 
flea beetles develop within the soil. A count of the total degree days accumulated in the 
soil began on 16 April 2003, the first date when collected adult beetles had mature eggs 
in their ovarioles (see ‘Dissections’ below). Using temperature data, I calculated the 
number of degree days needed for oviposition by the summer generation flea beetles, 
beginning at the first date of predicted emergence of summer generation adults (24 July 
2003). 
Flea Beetle Collection 
Using a hand-held vacuum, adult flea beetles were collected from plots of 
Brassica oleraceae and B. rapa located at the University of Massachusetts Agronomy 
farm in South Deerfield, MA and a commercial organic farm in Sunderland, MA. Live 
flea beetles were transferred from the canister of the vacuum to heavy-duty 3.8 liter re- 
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sealable plastic bags, and brought immediately to the laboratory at the University of 
Massachusetts for use in several experiments. 
Dissections 
Reproductive development of flea beetles was monitored throughout the time of 
flea beetle activity with dissections of adult beetles collected from agricultural fields (see 
‘Flea Beetle Collection’, above). In the first year, dissections of adult beetles collected 
from field sites began 5 August 2002 and occurred weekly throughout the month of 
August, with the final sample taken on 17 September 2002. In the second year (2003), 
dissections of flea beetles began as soon as beetles emerged from overwintering sites (16 
April). For the first month following emergence, dissections were done biweekly 
because cold rainy weather impeded collection of beetles. Beginning on 8 May 2003, 
samples were collected weekly until 19 September 2003, at which point few beetles 
could be found in the field. 
After flea beetles were collected as described above, they were placed briefly in 
the freezer to immobilize them. Approximately 100 flea beetles (or, if less than 100 
were available, as many as could be collected on a given sample date) were then 
transferred to a vial containing 65% ethanol and killed. The beetles were later removed 
from the alcohol, and glue was used to attach beetles in rows, ventral side down, to 
plastic Petri dishes. Once all beetles were attached, the dish was filled with ethanol. 
Adult flea beetles were dissected under a compound dissecting scope. The elytra were 
removed, and the dorsal exoskeleton of the abdomen peeled back to reveal the internal 
organs. The sex of each beetle was recorded. For each female beetle, the female 
reproductive system was dissected and the presence or absence of eggs was noted. In 
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the case of mature eggs, the number of eggs was counted. The majority of flea beetles in 
the samples on any given date were P. cruciferae\ dissection data from any other species 
were recorded separately. 
Beetle Feeding Propensity and Response to Yellow Sticky Traps 
In order to monitor changes in both the feeding of adult flea beetles and their 
responsiveness to yellow sticky traps, replicated laboratory experiments using field- 
collected adult P. cruciferae were set up in 2002 and 2003 on a weekly basis. In 2002, 
cages were set up to evaluate beetle feeding and response to sticky traps. Each cage in 
the experiment was a 28 cm per side cube with a clear plastic side wall and top, a white 
plastic bottom, an 18 by 18 cm side window covered with organdy for ventilation, and 
two ends fitted with organdy sleeves. In the feeding experiments, each cage contained 
one young collard plant with three to four true leaves in a 5.7 cm diameter pot (Griffin 
Greenhouse and Nursery Supply, Tewksbury, MA). In the card response experiment, 
each cage contained one 12 by 7.5 cm yellow sticky card (Great Lakes IPM, Vestaburg, 
MI), with one sticky side exposed, on a stake that was inserted in a small pot of soil. 
Three replicates of the feeding experiment and three replicates of the card response 
experiment were established on each sample date (six cages total on each date). All 
cages also had a vial containing wet dental wicking to provide water for the beetles. Ten 
unsexed adult P. cruciferae, collected from study sites on that day, were transferred to 
each cage. The cages were arranged randomly on a bench in the laboratory, near a wall 
of western-facing windows but out of direct sun. Temperatures in the room in which the 
cages were kept were approximately the same as the outside air temperature (25-35°C). 
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Beetles were removed from the cage after 24 hours. In the feeding experiment, 
each plant was inspected, and the total number of feeding holes per plant was recorded. 
In the card response experiment, the number of beetles caught on each yellow sticky 
card was counted and recorded. The experiments were continued on a weekly basis 
from 6 June 2002 until 4 October 2002, with the exception of 25 July (there were 
insufficient numbers of flea beetles in the field to perform the experiment). 
In 2003, the experiments were repeated as follows. Clear plastic storage 
cylinders (3.8 liter, Rubbermaid®, Wooster, OH) were used as the experimental arenas. 
Ten cages were set up weekly to evaluate feeding. One young collard plant at the three 
to four leaf stage, planted in a 5.7 cm plastic pot (Griffin Greenhouse Supply), was 
placed in each cage. Ten cages were used to evaluate response to cards. One yellow 
sticky card, cut to 6 by 7.5 cm (Great Lakes IPM, Vestaburg, MI) and attached to a 
stake, with both sticky sides exposed, was placed in each cage. In all cages, a vial 
containing wet dental wicking was placed in the bottom of the cage to provide a water 
source for the beetles. Five randomly chosen, unsexed adult beetles of P. cruciferae, 
which had been collected on the day of the experiment from field study sites, were added 
to each cage with an aspirator. A layer of organdy fabric was securely fastened over the 
open top of each container with rubber bands. 
The cages were placed in a growth chamber maintained at 25° C, with 16 hours 
light to 8 hours dark. After 24 hours, the number of holes in the leaves and stem of each 
collard plant was counted and recorded. The number of beetles caught by each sticky 
trap was recorded. This process was performed weekly from 8 May 2003 until 3 
October 2003. Correlations between the number of holes per plant and the number of 
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beetles captured per sticky card were performed using SAS version 8.2 for Windows 
(SAS Institute 2001). 
Results 
Overwintering 
In 2001 and 2002, habitat had a significant effect on the number of beetles that 
emerged from each sample at collection sites in Sunderland (F = 37.01, df = 2, 58, P < 
O. 0001), Whately (F= 12.38, df= 3, 27, P < 0.0001) and Lancaster (F= 12.48, df = 2, 
18, P = 0.0004), with the greatest number of beetles emerging from shrub/brush habitats 
at all three locations (Table 2). The majority of the beetles emerging from the samples 
were P. cruciferae and P. striolata, but a small percentage of other flea beetle species 
(such as Psylliodes punctulata (Melsh.), Phyllotreta bipustulata (F.), and Epitrix sp.) 
were also collected. Few flea beetles emerged from samples taken from grassy habitats 
or within the field. Flea beetles emerging from samples collected in Sunderland were 
predominately P. cruciferae (C.A., personal observation). In Whately, P. cruciferae 
comprised 89% of the total number of flea beetles that emerged from samples, while 6% 
of the flea beetles were P. striolata. In Lancaster (2002), 82% of the total beetles were 
P. cruciferae, while 14% were P. striolata. 
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Table 2. Mean number of flea beetles emerging from leaf litter samples taken from 
different habitat types at three locations in Massachusetts in 2001 and 2002. 
Sunderland 2001 Whately 2002 Lancaster 2002 
habitat n mean ± SEM n mean ± SEM n mean ± SEM 
brassica 
field 
— — 10 0.1 ± 0.10b 
grass 30 1.6 ± 0.99c 10 0.3 ± 0.2b 10 0.4 ± 0.16b 
shrubs 30 23.6 ± 4.70a 10 8.6 ± 2.3a 10 4.5 ± 1.23a 
blueberry 
bushes 
— 10 11.1 ± 3.8a — 
woods 30 13.1 ± 3.35b 10 3.8 ± 1.8b — 
Means within a column followed by the same letter are not significantly different (Ryan-Einot-Gabriel- 
Welsch Multiple Range test, P < 0.05). 
In samples collected from Lancaster, MA (2003) flea beetles were found 
primarily in the litter above the soil, rather than overwintering in the soil itself (F = 
41.76, df = 1, 19, P < 0.0001) (Figure 2). Within both leaf litter samples and soil 
samples, habitat had a significant effect on the number of beetles emerging from each 
sample (litter: F = 23.0, df = 2, 37, P< 0.0001; soil: F— 7.66, df = 2, 37, P = 0.002), 
with significantly more beetles in samples collected in wooded areas than in either 
grassy or shrubby areas (Figure 2). Of the emerging beetles, 64% were P. striolata and 
30% were P. cruciferae. 
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sample type 
Figure 2. Mean number of flea beetles emerging from leaf litter and soil samples 
taken from three habitat types in Lancaster, MA (2003). Within each sample type, 
columns labeled with different letters are significantly different (Ryan-Einot- 
Gabriel-Welsch multiple range test, P < 0.05). 
Reproductive Phenology 
The total number of degree days above a base temperature of 11.2°C 
accumulated in the soil in 2003 is presented in Figure 3. 
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Figure 3. Cumulative soil degree days (above a base temperature of 11.2°C) in 
South Deerfield, MA in 2003. 
Female flea beetles were found with immature eggs beginning 28 April 2003 
(Figure 4). Flea beetles with mature eggs were collected beginning 15 May 2003 and 
continued to be present in the field until 28 August 2003, with the exception of 23 July, 
when no female beetles had mature eggs (Figure 4). According to Kinoshita et al. 1979 
(Table 1), 433 degree days are needed for development from egg to adult. Using 15 
May as the date for the beginning of oviposition, a sufficient number of degree days for 
development from egg to adult emergence was accumulated by 13 July. Before the start 
of oviposition by the new (FI) generation of adults, 61 degree days (above a base 
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temperature of 16.7°C) are needed (Table 1); adults emerging on 13 July were predicted 
to begin oviposition on 24 July 2003. 
Figure 4. Seasonal trends in sex ratio and egg maturation of flea beetles 
(Phyllotreta cruciferae) in agricultural Helds in western Massachusetts in 2003. 
Feeding Propensity and Response to Yellow Sticky Traps 
In 2002, the proportion of beetles captured on yellow sticky traps changed over 
time, with the highest proportion of beetles captured on 15 August (Figure 5 A). The 
number of holes per plant made by ten beetles also changed over time, with the greatest 
amount of damage in mid-August (Figure 5A). In 2003, differences occurred in the 
number of feeding holes and proportion of beetles captured. The number of feeding 
holes created by five flea beetles in 24 hours increased steadily throughout May and 
June (Figure 5B). After a decrease in feeding in the middle of July, a sharp increase in 
the number of holes occurred on 18 July 2003, followed by a peak on 7 August. After 
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declining, the number of holes again increased in late August and early September. The 
proportion of beetles captured exhibited a similar pattern (Figure 5B). The mean 
number of holes per plant on a given sample date and the mean proportion of beetles 
captured by the yellow sticky cards in the cage were strongly correlated in both 2002 and 
2003 (Figure 6). 
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Figure 5. A. and B. Comparison of beetle feeding (± SEM) and the proportion of 
beetles captured on yellow sticky cards (± SEM) in small cages at each sample date 
in 2002 (A) and 2003 (B). 
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Figure 6. Correlation between the mean number of holes per plant and the mean 
proportion of beetles captured on a given sample date in 2002 and 2003. 
Discussion 
These results support previous research on the life history of Phyllotreta beetles. 
In Canada, Wylie (1979) and Burgess (1981) found the greatest density of overwintering 
flea beetles in the leaf litter, with neither P. cruciferae nor P. striolata being found in 
large numbers in the stubble of canola fields, grassy areas, or in the soil. Although 
Massachusetts has a milder climate and different habitats than the Canadian prairie, 
similar patterns in the choice of overwintering sites were found. In none of the three 
study years did significant numbers of beetles overwinter in grassy areas or within 
cultivated fields, suggesting that beetles emigrate from agricultural fields in which they 
feed during the growing season to overwintering habitats. Colorado potato beetle, 
Leptinotarsa decemlineata Say (Coleoptera: Chrysomelidae), exhibits a similar pattern 
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in Massachusetts, with adults emigrating from potato fields to wooded borders for 
overwintering (Weber and Ferro 1993). 
Results from 2001 and 2002 indicate that the highest numbers of beetles 
overwinter in shrubby or brushy areas, while in 2003 significantly more beetles were 
found in samples collected in the woods than from any other habitat type. Differences in 
emergence may be due to differences in the proportions of P. cruciferae and P. striolata 
that emerged from the samples. In 2001 and 2002, P. cruciferae was the dominant 
species in the overwintering samples, at approximately 85%. This is consistent with 
field observations, in which P. cruciferae appears to be the more common species in 
Massachusetts. However, in samples collected in Lancaster, MA in 2003, 65% of the 
total beetles were P. striolata, and only 30% were P. cruciferae. Newton (1928) noted 
apparent differences between the species as to the location of their overwintering sites, 
with ‘unicolorous’ species such as P. cruciferae being found under debris in banks and 
hedgerows and striped species (e.g., P. striolata) found in wooded areas. Burgess 
(1981) studied flea beetle overwintering sites on the Canadian prairie. While adult 
beetles were found in a variety of habitats, the highest density of P. cruciferae occurred 
under hedges and/or shelterbelts alongside rape fields. The greatest density of P. 
striolata, on the other hand, was found in leaf litter beneath groves of trees. 
In order to reduce damage to brassica crops by flea beetles, many growers in the 
northeastern United States cover beds of brassicas with floating row cover fabric. There 
is often concern that beetles may emerge within the row-covered areas from 
overwintering sites in the soil and damage newly planted brassicas, especially in 
unrotated fields. These results indicate that very few beetles overwinter in the soil in 
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either cultivated fields or border areas. Newton (1928) found that adult flea beetles 
moved to protected places near field edges, but generally did not burrow into the soil. 
Within the soil samples I collected, most flea beetles emerged from samples collected in 
the woods. Samples taken from the woods at the Lancaster site did not have a clear 
boundary between the leaf litter, partially decomposed organic matter, and the soil layer. 
This may explain the emergence of beetles from woodland soil, but not from the soil 
beneath other habitat types. 
In the field, flea beetle emergence (PI generation) from overwintering sites 
occurred in the middle of April in 2003. Burgess (1977) stated that adult flea beetles 
lived for approximately three months after emergence. Based on this data it would be 
predicted that, in Massachusetts, adults of the PI generation would die in middle to late 
July. Flea beetle populations in brassica crops declined in mid- to late July in both 2002 
and 2003. On 25 July 2002, beetle populations were so low at collection sites that the 
feeding and card response experiments could not be set up. Similarly, on 24 July 2003, 
only eight replicates of the feeding experiment and seven replicates of the card response 
experiment were set up (rather than 10), due to low numbers of beetles in the field. 
Observations and reports from local farms showed that flea beetle populations increased 
sharply in early August, as the adults of the FI generation emerged. If P. cruciferae is 
univoltine in Massachusetts, FI adults would not mate or lay eggs before migrating to 
overwintering sites. However, my dissection data (Figure 4) indicated that a high 
proportion of the female beetles collected in late July and August had mature eggs. 
According to the degree day model of Kinoshita et al. 1979, eggs oviposited in late July 
and early August of 2003 experienced sufficient degree days to hatch and for larvae to 
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develop into adults before the first hard frosts of the year (see Figure 3). The dissection 
data suggest that a second or partial second generation of P. cruciferae occurs in 
Massachusetts. The proposed life history of P. cruciferae in the northeastern United 
States is summarized in Figure 7. 
F2 generation 
Feed and overwinter 
» > 
PI generation 
Emerge, feed, and reproduce 
April May June July August September October 
Figure 7. Proposed life history of Phyllotreta cruciferae in Massachusetts. 
Vig (1991) found that photoperiod was a major factor controlling the number of 
generations produced by the flea beetles Phyllotreta nemorum L. and Phyllotreta 
armoraciae Koch, but stated that the critical day-length that triggered a switch from 
reproduction to overwintering in Phyllotreta was not known, nor was it known which 
life stage is sensitive to photoperiod. Tauber et al. (1988) found that both temperature 
and photoperiod interacted to determine diapause induction in the Chrysomelid 
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Leptinotarsa decemlineata (Colorado potato beetle; Coleoptera: Chrysomelidae). 
Kinoshita et al. (1979) hypothesized that photoperiod may affect the mating and 
reproduction of P. cruciferae, and that FI adults emerging in Ontario, Canada after 21 
June, when the photoperiod was decreasing, did not mate or oviposit. In 2003 in 
Massachusetts, a sufficient number of degree days to complete development of the FI 
generation did not accumulate until the middle of July. Females that emerged after 21 
June developed eggs, suggesting that, if photoperiod is the major factor controlling the 
number of generations in P. crucifer ae, as in P. nernorum and P. armoraciae (Vig 
1991), a different critical photoperiod exists for P. crucifer ae in Massachusetts than in 
Ontario. Populations of Colorado potato beetle from Long Island, New York (latitude 
40°58'N) and upstate New York (latitude 42°27'N) differ in their responses to 
photoperiod and temperature, with beetles from the more northerly population having a 
longer critical photoperiod for diapause induction and being more affected by low 
temperatures (Tauber et al. 1988). 
Changes in the population over time are reflected in the feeding behavior and the 
response of the beetles to yellow sticky traps. Before undertaking my research, several 
observations suggested that yellow sticky traps were not always effective at trapping 
beetles. In 2001, 13,000 field-collected adult beetles were released at the University of 
Massachusetts Agronomy farm in the center of a 0.08 hectare field of brassicas that was 
interspersed with yellow sticky cards. When the cards were collected several days later, 
no beetles had been captured (C. Andersen and R. Hazzard, unpublished data). 
Similarly, yellow sticky cards were used to track flea beetle movement on several farms 
throughout western Massachusetts. Cards were placed in the crop and along the field 
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borders, and were collected on a weekly basis until late fall. Across several sample sites, 
no beetles were captured on cards placed in the borders on any sample date, even though 
samples of leaf litter collected from these borders found beetles to be present (R. 
Hazzard and C. Andersen, unpublished data). These observations led us to question 
whether responsiveness to cards may be related to the physiological state of the beetles. 
The results of the feeding and card response experiments corroborated field 
observations. Both the proportion of the total population that was captured and the total 
amount of feeding changed over time. In 2002 and 2003, peak feeding and damage 
occurred around 8 August, which corresponded with the predicted peak emergence of 
the FI generation. Tahvanainen (1971) noted that newly emerged adults fed vigorously 
for several days after emergence, prior to moving towards overwintering sites. In my 
research, when beetle feeding increased, the proportion of beetles captured by yellow 
sticky traps also increased. Rull and Prokopy (2000) found that the physiological state 
of the apple maggot fly, Rhagoletis pomonella, affected trap capture. My data suggested 
that while counts of the number of beetles captured on a yellow sticky card could not be 
correlated with the numerical population of beetles in the field, they did reflect the 
propensity of the beetles to feed and may therefore have important implications for the 
management of beetles to reduce crop damage. 
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CHAPTER 3 
ECONOMIC DAMAGE ASSESSMENT AND FIELD TESTS OF 
ALTERNATIVE MANAGEMENT STRATEGIES FOR CONTROL OF 
PHYLLOTRETA CRUCIFERAE AND PHYLLOTRETA STRIOLATA ON 
BRASSICA CROPS IN MASSACHUSETTS 
Abstract 
The flea beetles Phyllotreta cruciferae (Goeze) and Phyllotreta striolata 
(Fabricus) (Coleoptera: Chrysomelidae: Alticinae) are significant pests of crops in the 
Brassicaceae family. From 2001 to 2003, the efficacy of both new and commonly used 
treatments for the control of flea beetles in Asian brassicas (.Brassica rapa L.) were 
evaluated in four small plot, randomized complete block design trials. Row cover and 
carbaryl (applied as a weekly foliar spray) were found to be the most consistent at 
reducing damage in comparison to untreated controls in all trials. Two new products 
that may provide adequate flea beetle control are spinosad (in either conventional or 
organic formulations) and thiamethoxam. The organic compounds azidiractin and 
pyrethrin did not protect treated plants from flea beetle feeding. The level of damage at 
harvest was found to be correlated with population size of flea beetles in each plot, as 
determined by captures on yellow sticky cards and direct visual counts. Surveys of bok 
choi {B. rapa L.) available from different market venues found that the level of damage 
varied significantly, with the highest levels of damage being found in local, organic 
produce. 
Introduction 
Over four million hectares of brassica crops such as rape/canola (Brassica napus 
L. and B. campestris Oed.), broccoli, cabbage and cauliflower (B. oleracea L.), turnips 
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(B. campestris), radishes {Raphanus sativus L.), and mustards (B. juncea L. and Sinapsis 
alba L.) are grown annually in the United States and Canada (USDA/NASS 1999, 
Statistics Canada 2001). Increased immigration to the United States has increased the 
demand for ‘new’ types of leafy brassicas such as Chinese cabbage (Brassica rapa L. 
var. pekinensis), arugula (Eruca vesicaria L.), lacinato kale (B. oleracea), komatsuna (B. 
rapa L. var. pervidis) and bok choi and yuchoi (B. rapa L. var. Chinensis). In New 
England, flea beetles are cited by growers as one of the major pest problems on 
brassicas, particularly in organic farming systems (Hoffmann et al. 1997). 
Although there are many species of flea beetles present in North America 
(Blatchley 1910, Chittenden 1923, Smith 1973), much of the damage to brassica crops is 
caused by Phyllotreta cruciferae (Goeze) and Phyllotreta striolata (Fabricus) 
(Chrysomelidae: Alticinae) (Feeny et al. 1970, Bracken and Bucher 1986, Palaniswamy 
and Lamb 1992, Cho et al. 1994). Both P. cruciferae and P, striolata were introduced to 
North America from Eurasia (Milliron 1953, Smith 1973) and have since spread across 
much of the northern temperate areas of the United States and southern Canada (Westdal 
and Romanow 1972). Both species are also significant pests of brassica crops in Europe, 
Asia, the Middle East, and Africa (Newton 1928, Harukawa and Tokunaga 1938, Varma 
1961). The adult beetles feed on the leaves of a wide variety of brassicas, both 
cultivated and wild (Burgess 1977), resulting in numerous small holes in the leaves 
referred to as ‘shot-hole damage.’ Damage may lead to complete crop loss or can result 
in permanent stunting of the plants and reductions in yield (Lamb 1984). The greatest 
damage occurs in early spring, when adult beetles emerge from overwintering in large 
numbers and migrate into fields of young crops (Lamb and Tumock 1982). Later in the 
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season, beetles feeding on the flowers and seed heads of canola can reduce crop yield or 
cause uneven maturation of seeds (Burgess 1977). 
While several pesticides are registered in the United States for the management 
of flea beetles, most research on their efficacy is on traditional brassica crops such as 
broccoli, cabbage, and canola. Little information is available on the efficacy of 
treatments to reduce flea beetle feeding damage in leafy brassica greens, which have a 
different production system, a quicker rate of maturation, and in which the leaves 
themselves are marketed. Thresholds are not available for determining the level of 
damage tolerated on brassica greens in the marketplace. Most currently registered 
pesticides are in the pyrethroid and carbamate classes. There is some indication that flea 
beetles may be developing resistance to some pesticides in these classes, such as 
carbofuran and carbaryl (Tumock and Turnbull 1994). Additionally, a significant 
percentage of the leafy brassica in Massachusetts are grown on organic farms (Frank 
Mangan, personal communication). The available organic methods are often not 
effective against flea beetles, especially during early spring when high populations of 
these pests can be very damaging to young crops. Finally, new and stricter guidelines 
for pesticides, in terms of their residues on the crops and their impact on the 
environment, are encouraging the development of new ‘biorational’ pesticides for use in 
brassicas and other crops (EPA 2003). While the definition of ‘biorational’ is somewhat 
unclear, it generally refers to insecticides that are relatively specific, and that have little 
to no impact on non-target organisms (Williamson 1999). 
Small plot field trials were conducted to measure the efficacy of various 
conventional and organic products for flea beetle control in leafy brassicas under 
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Massachusetts conditions. The specific objectives of this study were (1) to evaluate in 
field studies the efficacy of a range of conventional, biorational, and organic 
insecticides, and also cultural practices, relative to the use of row covers; (2) to assess 
the relationship between damage at harvest in these crops and two methods of measuring 
adult flea beetle density in the field; and (3) to determine the de facto damage thresholds 
for flea beetle injury currently imposed by specific marketing outlets. 
Methods 
Field Trials to Assess Management Strategies for Flea Beetles 
Experimental design 
Four trials were run from 2001 to 2003. Trial 1 was planted in a portion of a 
commercial collard field in South Deerfield, Franklin County, Massachusetts. Trials 2, 3 
and 4 were planted at the University of Massachusetts Agronomy Farm in South 
Deerfield, MA. All sites were located along the Connecticut River, in silty soil. 
Komatsuna (B. rapaperviridis cv. ‘Summer Fest’, Johnny’s Selected Seeds, 
Albion, ME) was used in trials 1, 3 and 4 because it has favorable leaf characteristics (a 
large flat leaf allowing quick flea beetle detection), and quick growth (35 days seed to 
maturity). In trial 2, pac choi (B. rapa var. Chinensis cv. ‘Mei Qing Choi’, Johnny’s 
Selected Seeds, Albion, ME) was used. Mei Qing Choi was utilized for this trial due to 
its increasing popularity with local growers (in contrast to komatsuna, which is still 
relatively unknown), a large flat leaf for easy damage identification, and a known 
susceptibility to flea beetles. For trials 1, 2 and 3, the crop was seeded at a rate of 12 
seeds per 30 cm using a Stanhay seeder. In trial 4, a hand-seeder was used, which 
seeded at a rate of 15-18 seeds per 30 cm. In all trials, the herbicide trifluralin (840.6 g 
61 
ai/ha, Treflan, Dow Agrosciences) was applied before planting for weed control. 
Fertilizer was incorporated before planting, based on soil tests and standard 
recommendations for brassica crops (New England Vegetable Management Guide 
2004). In trial 1 each plot was 1.4 by 3.7 m, with three rows, spaced 0.5 m apart and 3.7 
m in length in each plot. Plots were separated from surrounding plots by strips 2.8 
meters wide, and seeded to buckwheat (100 kg/ha). In subsequent trials, plot size and 
distance between plots was increased. In trial 2, plots were 2.8 by 3.7 m, with six rows 
spaced 0.5 m apart and 3.7 m in length. Each plot was separated from surrounding plots 
by a 6.1 m strip of bare soil. Plots in trial 3 were 2.3 by 4.6 m, having five rows spaced 
0.5 m apart and 4.6 m in length. Plots were separated from one another by 7.6 m. In 
trial 4, each plot had an area of 2.7 by 4.6 m and was separated from surrounding plots 
by 6.1 m. 
For each trial, the treatment plots were arranged in a randomized complete block 
design with four replicates. When necessary, weeds were controlled with hand 
cultivation. No irrigation was necessary due to sufficient rain. 
Trial 1 was planted on 13 June 2001. Nine treatments, representative of methods 
used by organic and conventional growers for management of flea beetles in the 
production of brassicas, along with biorational alternatives, were chosen for evaluation 
against an untreated control (4 plots of each = 40 total plots). The treatments were 
vacuuming, row cover (Agril 17, Ken-Bar Company), azidirachtin (Ecozin 3%, Amvac 
Chemical Corporation), pyrethrin (Pyganic EC 1.4, MGK Company), carbaryl (Sevin 
XLR Plus, Bayer CropScience), spinosad (Spintor 2SC, Dow Agrosciences), indoxycarb 
(Avaunt, DuPont), imidacloprid (Admire 2F, Bayer CropScience), and kaolin (Surround 
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WP, Englehard Corporation). For the vacuum treatment, a Craftsman 200 leaf-blower 
with the engine reversed, fitted with cloth bags inside the nozzle to catch the flea beetles 
as they were vacuumed up, was passed over the tops of the plants while slowly walking 
down each row. The treatment was repeated two times per week. Row cover, applied 
immediately after seeding, was placed over hoops to create a canopy approximately 60 
cm high at the center over the rows of komatsuna. All the edges of the row cover were 
buried in the ground to create a tight seal. All other treatments were applied at labeled 
rates using a C02 pressurized sprayer at 30 psi. Imidacloprid (525.4 g Al/ha, Admire, 
Bayer CropScience) was applied once as a post-seeding furrow drench immediately after 
seeds were planted. The remaining treatments were applied as foliar sprays on a weekly 
basis at the following rates: azadirachtin (39.3 g Al/ha per treatment), pyrethrin (29.43 g 
Al/ha per treatment), carbaryl (1323.3 g Al/ha per treatment), spinosad (84.1 g Al/ha per 
treatment), indoxycarb (7.29 g Al/ha per treatment), and kaolin (67.7 kg Al/ha per 
treatment). Treatments were applied four times, beginning at the first leaf stage of the 
komatsuna (20 June, 26 June, 3 July, and 10 July). Plants were harvested on 13 July 
2001. 
Trial 2 was planted 17 May 2002. Six treatments were chosen for evaluation in 
this trial, based on data from 2001 trial and grower reports: kaolin (Surround WP, 
Englehard Corporation), pyrethrin (Pyganic EC 1.4, MGK Company), spinosad (SpinTor 
2SC, Dow Agrosciences), carbaryl (Sevin XLR Plus, Bayer CropScience), imidacloprid 
(Provado, Bayer CropScience), and thiamethoxam (Platinum, Syngenta). An untreated 
control plot was included in each replicate. All treatments were applied using a C02 
pressurized sprayer at 30 psi. Thiamethoxam (162.9 g Al/ha, Platinum, Syngenta) was 
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applied as a post-seeding furrow drench immediately after seeds were planted (17 May). 
All other treatments were applied as foliar sprays on a weekly basis beginning at the 
cotyledon stage (24 May, 30 May, 7 June) until the end of the trial. Application rates 
were as follows: kaolin (67.7 kg/ha per treatment) plus a spreader-sticker (Safer’s soap) 
to increase leaf retention, pyrethrin (29.43 g Al/ha per treatment), spinosad (84.1 g Al/ha 
per treatment), imidacloprid (52.5 g Al/ha per treatment), and carbaryl (840.6 g Al/ha 
per treatment). The trial was ended prematurely on 13 June 2002 due to extensive 
damage caused by high flea beetle density combined with cold, wet weather conditions 
and damage to the plots by other brassica-feeding insects. 
Trial 3 was planted 13 June 2002 with six treatments and an untreated control. 
Sampling methods and plot design were similar to trial 2, with the following treatments: 
row cover (immediately after seeding as in trial 1, Agril 17, Ken-Bar), kaolin (67.7 kg 
Al/ha per treatment, Surround WP, Engelhard Corporation), spinosad (84.1 g Al/ha per 
treatment, Spintor 2SC, Dow Agrosciences), carbaryl (840.6 g Al/ha per treatment, 
Sevin XLR Plus, Bayer CropScience), capsaicin (1073.2 g Al/ha, Hot Pepper Wax, 
Bonide), and thiamethoxam (162.9 g Al/ha, Platinum, Syngenta). All treatments were 
applied as foliar sprays once per week (19 and 26 June, 3 and 10 July), with the 
exception of the thiamethoxam, which was applied as a post-seeding furrow drench on 
14 June. Trial 3 was completed on 22 July 2002. 
Trial 4 was planted on 30 May 2003. Eight treatments plus a control were 
evaluated. Two treatments were applied as seed treatments (seed treated by Alan Taylor, 
Cornell University, Ithaca, New York): spinosad (2.5 g AI/100 g seed= 63.3 g Al/acre, 
Tracer, Dow Agrosciences) and thiamethoxam (2.5 g AI/100 g seed= 63.3 g Al/ha, 
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Cruiser, Syngenta). Thiamethoxam (162.9 g Al/ha, Platinum, Syngenta) was also 
applied as a post-seeding furrow drench (30 May). Row cover (CovertanPro 30) was 
placed over plots immediately after seeding. The following foliar sprays were applied 
on 6, 12, 18, 24 June and 1 July: pyrethrin (70.1 g Al/ha per treatment, Pyganic EC5.0, 
MGK Company), carbaryl (840.6 g Al/ha per treatment, Sevin XLRPlus, Bayer 
CropScience), spinosad in a conventional formulation (84.1 g Al/ha per treatment, 
SpinTor 2SC, Dow AgroSciences), and spinosad in an organic formulation (87.4 g Al/ha 
per treatment, Entrust, Dow AgroSciences). A summary of the treatments is provided in 
Table 3. 
Table 3. Summary of treatments tested for flea beetle management in each trial. 
Treatment Trial 
product active ingredient 1 2 3 4 
1. control Y V 
2. vacuum — Y « 
3. row cover — y Y Y 
4. Neem azidirachtin Y 
5. Pyganic EC1.4 pyrethrin Y Y Y 
6. Surround WP kaolin Y Y Y 
7. Hot Pepper Wax capsaicin Y 
8. Entrust spinosad Y 
9. Spintor 2SC spinosad Y Y Y Y 
10. Tracer (seed trt.) spinosad Y 
11. Avaunt indoxycarb Y 
12. Sevin XLR Plus carbaryl Y Y Y Y 
13. Admire 2F imidacloprid Y Y 
14. Platinum thiamethoxam Y Y Y 
15. Cruiser thiamethoxam Y 
"Treatments 2 to 8 were tested for organic use; treatments 9 to 15 for conventional use. Treatment 1 
was an untreated control for comparison. 
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Insect Density and Damage Estimation 
Several sampling methods were used to estimate flea beetle density and damage 
over the course of these trials. In trials 1, 2 and 3, yellow sticky traps (12.5 by 7.5 cm, 
Great Lakes IPM, Vestaburg, MI) (Lamb 1983) and direct counts of adult beetles were 
taken on a weekly basis to determine numbers in each plot. Three yellow sticky traps, 
each with one sticky side exposed, were placed on stakes in each plot one day after 
treatment application. The trap cards were collected 5 days later, and the beetles 
captured on each card were counted. Direct counts of beetles in the crop were made by 
visually determining the number of flea beetles and the number of plants in each of three 
randomly chosen 30 cm row sections in each plot (n = 12 per treatment). Counts were 
made three days after each treatment application. Data were reported as the number of 
flea beetles per plant in each section. Neither direct counts nor yellow sticky traps were 
utilized in trial 4. Sampling data were analyzed with SAS version 8.2 for Windows 
(SAS Institute 2001) to assess differences between treatments. In trials 1 and 3, numbers 
of beetles captured on sticky traps were transformed by taking the natural log in order to 
equalize the variance among treatments. In trial 2, it was not necessary to transform the 
sticky trap data. Count data (beetles per plant) were not transformed. PROC GLM 
(SAS Institute 2001) was used to evaluate the overall significance, and the Ryan-Einot- 
Gabriel-Welsch multiple range test was used to separate differences between treatments 
and dates (Day and Quinn 1989). Data presented in tables and figures are untransformed 
values. 
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Damage estimates were collected in all four trials. In trial 1, six plants from the 
center row of each plot were selected at random one week after the final spray (13 July). 
One mature leaf was then removed from each plant, and the number of holes per leaf 
was counted and recorded. In trial 2, the plants sustained heavy damage, which severely 
stunted growth and made it impossible to count the holes in the leaves. Therefore, ten 
plants were harvested at random from each plot during the third week of the trial (13 
June) and weighed (n = 40 per treatment). In trial 3, both weight and damage data were 
collected at harvest (22 July) (n = 40). Ten plants were removed at random from each 
plot and weighed. The holes to the left of the central vein in each leaf were counted, and 
the number was doubled to obtain an estimate of the total number of holes in each leaf. 
The values were summed to determine total holes per plant. In trial 4, weight and 
damage data were collected on a weekly basis because observations in 2002 suggested 
that some treatments worked well initially, but failed later in the crop. Three days after 
each spray, ten plants were removed from each plot. Plants were weighed, and the total 
number of holes in each leaf were counted and summed to obtain the total number of 
holes per plant. Weight and holes data were collected on 9, 16, 23, 30 June and 8 July 
2003. Data collected on plant damage (holes) were transformed by the natural log prior 
to analysis to equalize variances. Weight data were not transformed. Data were 
analyzed with PROC GLM in SAS version 8.2 for Windows (SAS Institute 2001). The 
Ryan-Einot-Gabriel-Welsch multiple range test was used to separate treatment 
differences (Day and Quinn 1989). Data presented in figures and tables are 
untransformed values. 
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In trial 4, due to a significant interaction between date and treatment, treatment 
differences were examined within each sample date, and an ANOVA was performed for 
each date. The Ryan-Einot-Gabriel-Welsch multiple range test was used to compare 
treatments within each date (P <0.01). 
Pearson’s test for correlation (SAS Institute 2001) was used to examine the 
relationship between the sampled population in the field and the amount of plant damage 
at harvest. I correlated both (1) the sum total of all beetles captured on sticky cards per 
plot on each individual sample date and (2) the total beetles captured in a plot over all 
sample dates against average plant weight at harvest and/or average number of holes. I 
also correlated (1) total beetles counted in three 30 cm sections on each sample date and 
(2) total beetles per plot over all sample dates against harvest data (plant weight and/or 
number of holes). In addition, I correlated beetle counts on cards against visual counts 
of beetles to evaluate the relationship between these two forms of sampling. 
Survey for Damage Levels 
In order to assess the tolerance of local markets for flea beetle damage in leafy 
brassicas, a survey was conducted of brassicas for sale in a variety of local markets. 
Baby bok choi (B. rapa Chinensis) was used as the sample brassica due to its wide 
availability in many types of markets. Each market from which bok choi was purchased 
was assigned values in three categories: type of pest management used on produce sold 
(conventional = 0, organic =1), type of store (large commercial chain = 0, non-chain = 
1), and origin of produce (greater than 200 miles away = 0, less than 200 miles =1). 
Values were based on the assumption that quality expectations were more stringent for 
conventional greens, large commercial chains, and for produce that is being shipped a 
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longer distance. The values were added to obtain one index value (scale 0 to 3) for each 
market. 
At each market outlet, five heads of baby bok choi were selected at random from 
those available, purchased, and brought back to the laboratory at the University of 
Massachusetts. Each head was then carefully inspected for flea beetle feeding 
(characterized by ‘shot-hole’ damage), and the number of holes per plant was recorded. 
Data were analyzed with SAS version 8.2 for Windows (PROC CORR, SAS Institute 
2001) to determine whether there was a significant correlation between market index 
value and the number of holes per plant and to calculate a threshold value of damage 
tolerated by each kind of outlet. 
Results 
Trial 1 
In trial 1, statistically significant differences among treatments were found in 
the numbers of beetles captured on sticky traps (F = 3.66; df = 9, 27; P = 0.004), visual 
counts of beetles per 30 cm (F = 2.68, df = 9, 27; P = 0.02), and holes per leaf (F = 
6.37; df = 9, 27; P < 0.0001). Significantly fewer beetles were captured on yellow 
sticky cards or counted visually in plots protected by row cover in comparison to an 
untreated control (Table 4). Consistent with sampling data, only row cover significantly 
reduced damage to leaves (Table 4). 
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Table 4. Effect of control measures on numbers of flea beetles captured by yellow 
sticky traps or observed in visual counts, and holes per leaf at harvest in trial 1 
(2001), South Deerfield, MA. 
Rate g beetles per card_beetles per 30 cm_holes per leaf 
Treatment Al/ha n mean ± SEM n mean ± SEM n mean ± SEM 
carbaryl 1323.3 36 4.33 ± 0.52ab 48 0.316 ±0.079ab 23 48.70 ± 6.57a 
control — 36 19.78 ± 2.95a 48 0.486 ± 0.070ab 24 119.75 ± 18.99a 
imidacloprid 525.4 36 8.83 ± 1.29a 48 0.625 ± 0.116ab 22 54.36 ± 5.74a 
indoxycarb 7.3 36 9.44 ± 1.18a 48 0.364 ± 0.078ab 24 82.50 ± 14.22a 
kaolin 67729.2 36 8.78 ± 1.97ab 48 0.358 ±0.123ab 24 54.83 ± 8.56a 
neem 39.3 36 14.33 ± 2.43a 48 0.698 ± 0.100a 24 82.83 ± 12.58a 
pyrethrin 29.4 36 10.89 ± 0.97a 48 0.700 ± 0.118a 25 94.64 ± 12.83a 
row cover — 36 0.50 ± 0.16b 48 0.014 ± 0.011b 24 7.75 ± 3.41b 
spinosad 
(conv.) 84.1 36 11.28 ± 1.86a 48 0.500 ± 0.114ab 24 81.92 ± 11.15a 
vacuum — 36 8.56 ± 1.30a 48 0.475 ± 0.076ab 24 62.75 ± 8.82a 
Means within a column followed by the same letter are not significantly different (Ryan-Einot-Gabriel- 
Welsh multiple range test, P<0.05). 
There was a significant correlation (R2 = 0.77, n = 40, P < 0.001) between the 
total number of beetles captured on traps within each plot summed over all sample dates 
and the mean number of holes per komatsuna leaf at harvest in each plot (Figure 8). 
When beetle numbers on each sample date were correlated separately against the 
average number of holes per leaf at harvest, card counts from later sample dates were 
more closely correlated with final damage values than card counts from earlier dates (2 
Jul 2001, R2 = 0.42, n = 40, P <0.001; 9 Jul 2001, R2 = 0.53, n = 40, P < 0.001; 16 Jul 
2001, R2 = 0.66, n = 40, P < 0.001). There was a significant positive correlation (R2 = 
0.55, n = 40, P < 0.001) between total number of beetles per plot seen in visual counts 
and the mean holes per leaf in each plot at harvest (Figure 8). When each date was 
correlated with the average number of holes per leaf at harvest, visual counts at later 
sample dates were more correlated with end damage than counts from earlier dates (25 
Jun 2001, R2 = 0.15, n = 40, P = 0.014; 29 Jun 2001, R2 = 0.34, n = 40, P < 0.001; 6 Jul 
2001, R2 = 0.42, n = 40, P < 0.001; 13 Jul 2001, R2 = 0.45, n = 40, P < 0.001). Also, 
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there was a significant positive correlation (R2 = 0.6, n = 40,P< 0.001) between the 
total number of beetles captured on cards in each plot and the total number of beetles 
counted in each plot. 
Figure 8. Relation between flea beetle damage (average holes per leaf at harvest) 
and total number of beetles captured on sticky cards per plot (X) and total beetles 
counted per plot (■) in trial 1 (2001) (Pearson’s correlation). 
Trial 2 
Statistically significant differences among treatments in visual counts of beetles 
per 30 cm (F= 4.39; df = 7, 21; P = 0.004) and total plant weight (F= 11.0; df= 7, 21; P 
< 0.0001) were found in trial 2. There were no significant differences in the number of 
beetles captured on sticky cards (F= 1.01; df = 7, 21; P = 0.45). Plants in plots treated 
with carbaryl had significantly lower beetle counts than did plots treated with 
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thiamethoxam or imidacloprid (Table 5). Plants in plots treated with either carbaryl or 
thiamethoxam weighed significantly more than plants in the untreated control or plants 
in plots treated with other compounds (Table 5). However, weights of all bok choi 
plants at the end of the trial were very low (under 0.5 g) due to poor plant growth. 
Table 5. Effects of control measures on numbers of flea beetles captured on yellow 
sticky cards or observed in visual counts of beetles, and total plant weight at 
harvest in trial 2 (2002), South Deerfield, MA. 
Rate g beetles per card beetles per 30 cm total plant weight (g) 
Treatment Al/ha n mean ± SEM n mean ± SEM n mean ± SEM 
carbaryl 840.6 33 7.88 ± 1.519a 36 0.06 ± 0.044c 40 0.49 ± 0.046a 
control — 32 9.38 ± 1.596a 36 0.15 ± 0.065bc 40 0.08 ± 0.006c 
imidacloprid 52.5 32 12.25 ± 2.084a 36 0.62 ± 0.168a 40 0.14 ± 0.022bc 
kaolin 67729.2 32 11.91 ± 2.353a 36 0.23 ± 0.053abc 40 0.10 ± 0.010c 
pyrethrin 29.4 32 10.31 ± 2.496a 36 0.22 ± 0.060abc 40 0.12 ± 0.014bc 
spinosad 84.1 32 9.16 ± 1.485a 36 0.27 ± 0.060abc 40 0.11 ±0.014bc 
thiamethoxam 
(furrow) 162.9 32 15.13 ± 3.053a 36 0.57 ± 0.123ab 40 0.30 ± 0.038b 
Means within a column followed by the same letter are not significantly different (Ryan-Einot-Gabriel- 
Welsh multiple range test, P<0.05), 
There was no significant correlation between total card count per plot and 
average weight at harvest {R2 = 0.04, n = 28, P = 0.33), nor between total visual counts 
and average weight at harvest (R2 = 0.00004, n = 28, P = 0.98) (Figure 9). There was a 
significant correlation between total number of beetles captured on cards and total 
number of beetles counted in plots (R2 = 0.51, n = 28, P < 0.0001). 
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Figure 9. Relation between plant weight and total number of flea beetles captured 
on yellow sticky cards per plot (X) and total number of beetles counted per plot 
(■) in trial 2 (2002). 
Trial 3 
Statistically significant differences among treatments were found for the number 
of beetles captured per sticky card (F= 10.62; df= 6,18; P < 0.0001), the number of 
beetles in visual counts per 30 cm (F= 8.67; df = 6, 18; P = 0.0002), average plant 
weight per plot at harvest (F= 8.52; df = 6, 18; P = 0.0002), and average number of 
holes per leaf per plot at harvest (F = 19.82; df = 6, 18; P < 0.0001) in trial 3. Fewer 
beetles were captured on yellow sticky cards in plots where row cover or carbaryl was 
used than in untreated controls or other methods, except spinosad (Table 6). In visual 
counts of beetles in the plots, plots treated with carbaryl, row cover, or spinosad had 
fewer beetles than the untreated control or plots treated with kaolin (Table 6). Plots 
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treated with carbaryl and thiamethoxam, or protected by row cover, produced plants with 
significantly higher weights at harvest than those plants in the untreated controls (Table 
6). Row cover, carbaryl, capsaicin, and spinosad were effective at reducing the mean 
number of holes per plant at harvest in comparison to the untreated control, but kaolin 
and thiamethoxam were not (Table 6). 
Table 6. Effects of control measures on total plant weight at harvest (mean ± 
SEM), number of feeding holes per plant (mean ± SEM), beetle capture on yellow 
sticky traps (mean ± SEM), and visual counts of beetles per plant in 30 cm sections 
(mean ± SEM) in trial 3 (2002), South Deerfield, MA. 
Rate g plant weight (g) holes per plant beetles per card counts per 30 cm 
Treatment Al/ha n mean ± SEM n mean ± SEM n mean ± SEM n mean ± SEM 
carbaryl 840.6 40 128.44 ± 11.62a 40 54.45 ± 4.80b 48 0.27 ± 0.09b 48 0.003 ± 0.003b 
control — 40 64.16 ± 6.84c 40 200.35 ± 25.24a 48 8.85 ± 2.19a 48 0.203 ± 0.031a 
capsaicin 1073.2 40 77.80 ± 7.75bc 40 79.55 ± 8.43b 48 3.40 ± 0.73a 48 0.093 ± 0.025ab 
kaolin 67729.2 40 64.11 ± 4.92c 40 207.45 ± 16.87a 48 7.04 ± 1.18a 48 0.160 ± 0.027a 
row cover — 39 107.47 ±6.55ab 39 8.05 ± 3.32c 48 0.23 ± 0.09b 48 0.012 ± 0.007b 
spinosad 
(conv.) 87.4 40 85.87 ± 6.26bc 40 85.65 ± 9.11b 48 2.23 ±0.5lab 48 0.036 ± 0.012b 
thiamethoxam 
(furrow) 162.9 40 109.22 ±6.24ab 40 317.25 ± 25.06a 48 5.38 ± 1.25a 48 0.097 ± 0.029ab 
Means within a column followed by the same letter are not significantly different (Ryan-Einot-Gabriel-Welsh multiple range 
test, P<0.05). 
There was a significant positive correlation between the mean number of holes 
per plant per plot and the total number of beetles captured on cards in the plots (R2 = 
0.57, n = 28, P < 0.0001), and also between mean number of holes and total number of 
beetles counted per plot (R2 = 0.40, n = 28, P = 0.0003) (Figure 10). Within each 
sample date, card counts were less significantly correlated with the number of holes at 
harvest (25 Jun 2002, R2 = 0.0003, n = 28, P = 0.93; 2 Jul 2002, R2 = 0.46, n = 28, P < 
0.001; 9 Jul 2002, R2 = 0.38, n = 28, P = 0.0004; 15 Jul 2002, R2 = 0.48, n = 28, P < 
0.001) than were visual counts of beetles (21 Jun 2002, R2 = 0.014, n = 28, P = 0.54; 28 
Jun 2002, R2 = 0.24, n = 28, P = 0.008; 4 Jul 2002, R2 = 0.07, n = 28, P = 0.18; 12 Jul 
2002, R2 = 0.60, n = 28, P < 0.001). A significant negative correlation existed between 
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the total number of beetles per card and mean plant weight at harvest (R2 = -0.18, n = 
28, P = 0.03) and between total counts of flea beetles per plot and mean plant weight (R2 
— -0.19, n = 28, P — 0.02) (Figure 11). Within each sample date, card counts were 
generally not correlated with plant weight at harvest (25 Jun 2002, R2 = -0.04, n = 28, P 
= 0.28; 2 Jul 2002, R2 = -0.07, n = 28, P = 0.19; 9 Jul 2002, R2 = -0.16, n = 28, P = 0.03; 
15 Jul 2002, R2 = -0.11, n = 28, P = 0.03), nor were visual counts of beetles (21 Jun 
2002, R2 = -0.11, n = 28, P = 0.08; 28 Jun 2002, R2 = -0.05, n = 28, P = 0.24; 4 Jul 
2002, R2 = -0.11, n = 28, P = 0.09; 12 Jul 2002, R2 = -0.08, n = 28, P = 0.14). 
total number of beetles 
Figure 10. Relation between flea beetle damage (average holes per plant per plot) 
and total beetles captured on yellow sticky cards (X) or total beetles counted per 
plot (■ ) in trial 3 (2002). 
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160 
Figure 11. Relation between average plant weight per plot at harvest and total 
beetles captured on yellow sticky cards (X) or total beetles counted per plot ( ■ ) in 
trial 3 (2002). 
Trial 4 
Treatment significantly affected plant weight (F = 5.04; df= 8, 24; P = 0.0009) 
and the number of holes per plant (F = 105.45; df = 8, 24; P < 0.0001). Date affected 
plant weight (F = 114.50; df = 4, 12; P < 0.0001) and the number of holes per plant (F = 
108.98; df = 4, 12; P < 0.0001). Because of a significant interaction between treatment 
and date in both plant weight (F = 3.56; df = 32, 93; P < 0.0001) and the number of 
holes (F = 15.15; df = 32, 93; P < 0.0001) (Figure 12), each date was analyzed 
separately (Table 7 and Table 8). 
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Table 7. Effect of control measures on the number of holes per plant (mean ± 
SEM) of harvested komatsuna on four sample dates (planting date= 30 May 2003) 
(trial 4, 2003). 
Rate g 16 Jun 03 23 Jun 03 30 Jun 03 8 Jul 03 
Treatment Al/ha n mean ± SEM n mean ± SEM n mean ± SEM n mean ± SEM 
carbaryl 840.60 40 8.43 ± 0.94b 40 13.68 ± 1.32c 39 20.00 ± 3.09c 40 33.45 ± 5.54c 
control — 40 38.85 ± 2.61a 40 55.35 ± 4.01a 40 122.20 ± 11.60a 40 137.40 ± 15.60ab 
pyrethrin 70.05 40 38.75 ± 2.80a 40 53.33 ± 4.72a 40 139.25 ± 13.47a 40 161.90 ± 18.80ab 
row cover — 40 0.63 ± 0.38c 40 0.60 ± 0.27d 40 1.95 ± 0.77d 40 2.38 ± 0.82d 
spinosad 
(seed) 63.31 40 43.63 ± 2.38a 30 62.40 ± 4.58a 30 133.27 ± 14.00a 40 88.75 ± 7.62ab 
spinosad (org) 87.42 40 33.73 ± 3.12a 40 40.50 ± 3.34a 40 58.25 ± 5.94b 40 71.15 ± 8.91bc 
spinosad 
(conv.) 84.06 40 34.18 ± 2.22a 40 42.75 ± 2.98a 40 78.80 ±6.29ab 39 91.40 ± 14.73bc 
thiamethoxam 
(furrow) 162.86 40 9.55 ± 1.18b 40 22.53 ± 2.74bc 40 134.40 ± 13.26a 40 192.45 ± 21.16ab 
thiamethoxam 
(seed) 63.31 40 11.25 ± 2.00b 40 34.48 ±2.8 lab 40 149.35 ± 13.32a 40 215.65 ± 23.89a 
Data from first sample date (9 Jun 2003) ommitted from table. Means within a column followed by the same letter are 
not significantly different (Ryan-Einot-Gabriel-Welsh multiple range test, P<0.05). 
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Figure 12. Effects of treatment and date on the average number of holes per plant 
on each sample date (n=40) for selected treatments (see also Table 7). 
On all sample dates, both row cover and carbaryl significantly reduced damage to 
the plants compared to the untreated control (Table 7). On 16 June, both thiamethoxam 
treatments were significantly better than the control in terms of plant damage. However, 
on 30 June and 8 July, plants treated with thiamethoxam had as many or more holes than 
the untreated control, and were statistically no different from the control. Application of 
conventional and organic foliar spinosad somewhat reduced feeding damage to the 
plants on 30 June and 8 July. 
Plants grown under row cover had higher weights than all other treatments on 16, 
23, and 30 of June and were significantly higher than the control on these dates (Table 
8). Other treatments did not consistently increase plant weight in comparison to the 
control. By the final sample date, plants treated with carbaryl, pyrethrin and 
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conventional spinosad had significantly higher weights than plots treated with spinosad 
as a seed treatment. However, no plots were significantly different from the untreated 
control. 
Table 8. Effects of control measures on total plant weight of harvested komatsuna 
on four sample dates (planting date= 30 May 2003) (trial 4, 2003). 
Rate g 16 Jun 03 23 Jun 03 30 Jun 03 8 Jul 03 
Treatment A I/ha n mean ± SEM n mean ± SEM n mean ± SEM n mean ± SEM 
carbaryl 840.60 40 0.532 ± 0.052b 40 4.74 ±0.4 lab 39 20.29 ± 2.49ab 40 74.69 ± 8.13a 
control — 40 0.314 ± 0.045b 40 2.19 ± 0.27b 40 8.57 ± 1.08c 40 41.53 ±4.90ab 
pyrethrin 70.05 40 0.381 ± 0.032b 40 2.79 ± 0.28b 40 12.22 ± 1.26bc 40 72.39 ± 8.25a 
row cover — 40 1.030 ± 0.104a 40 6.79 ± 0.74a 40 23.95 ± 2.81a 40 58.97 ± 7.23ab 
spinosad 
(seed) 63.31 40 0.302 ± 0.027b 30 2.37 ± 0.23b 30 10.93 ± 1.21bc 40 31.04 ± 2.94b 
spinosad (org) 87.42 40 0.442 ± 0.043b 40 2.86 ± 0.34b 40 10.96 ± 1.22bc 40 62.87 ± 6.86ab 
spinosad 
(conv.) 84.06 40 0.485 ± 0.049b 40 3.41 ± 0.36b 40 18.57 ± 1.76abc 39 70.81 ± 8.32a 
thiamethoxam 
(furrow) 
thiamethoxam 
(seed) 
162.86 40 0.588 ± 0.046b 40 4.52 ±0.5 lab 40 19.51 ±2.57abc 40 53.11 ±7.06ab 
63.31 40 0.697 ± 0.054ab 40 5.02 ± 0.34ab 40 15.18 ± 1.48abc 40 50.29 ± 4.97ab 
Data from first sample date (9 Jun 2003) ommitted from table. Means within a column followed by the same letter are 
not significantly different (Ryan-Einot-Gabriel-Welsh multiple range test, P<0.05). 
Survey for Damage Levels 
Data collected at five markets surveyed in 2003 showed differences among 
markets in terms of how pests were managed, the origin of the greens, and the type of 
market (Table 9). A significant positive correlation was found between the rating of the 
market and the number of holes counted in baby bok choi purchased from each type of 
market (.R2 = 0.33, n = 29, P = 0.001) (Figure 13). Comparison of the number of holes 
in organic versus conventional bok choi found that there were somewhat more holes in 
organic bok choi (n= 29, P = 0.07). 
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Table 9. Market data for 2003 economic injury level survey, using three 
classifying variables to describe each market. Injury levels are based on the total 
number of holes per head of bok choi. 
market 
pest management type origin of greens 
conventional organic regionallocal 
type of store overall mean # holes per 
chain other ralinS Pla"' 
1) farmer's 
Market 
2) chain grocery 
store 
3) 'whole foods' 
grocery store 
4) CSA 
5) CSA 
6) chain grocery 
store 
s y 2 60.20 ± 11.03 
0 1.00 ± 1.00 
v' s 1 45.80 ± 4.49 
S s 3 87.20 ± 22.44 
s 3 673.40 ±82.14 
s 1 215.25 ±53.62 
The following rating system was used: pest management type (conventional = 0, organic = 1), origin of greens (regional [greater 
than 200 miles away] = 0, local [less than 200 miles] = 1), type of store (commercial chain = 0, non-chain = 1). Values were 
added to obtain overall rating. 
Figure 13. Correlation (R2 = 0.33, n = 29, P = 0.001) between market type and the 
number of holes per head of baby bok choi purchased (see Table 9 for rating 
system). 
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Discussion 
Pest control is only effective if it reduces damage below the level tolerated by the 
market. Many produce managers at survey sites stated that only ‘zero damage’ on 
produce was acceptable. However, my data indicated that at least low levels of damage 
exist on brassica greens in every market (Table 9), and there is a significant variation in 
tolerance towards flea beetle damage (Figure 13). 
Organic growers of brassica greens in Massachusetts often consider row covers 
to be the only effective method of managing flea beetles, despite the high cost 
(approximately $2500 per hectare, not including labor). The use of row cover was the 
most effective means available for flea beetle management on organic farms. However, 
less expensive alternatives were found in my trials. Spinosad, obtained from a 
fermentation process by a soil bacterium (Thompson et al. 1997), is available in both 
conventional and organic formulations. McLeod et al. (2002) found spinosad to be 
effective at controlling the eggplant flea beetle, Epitrix fuscula Crotch. In trial 3 of my 
study, plots treated with spinosad had fewer holes per plant at harvest than untreated 
plants. Some organic growers report reductions in both flea beetle populations and 
damage to crops with use of spinosad (R. Hazzard, unpublished data). Capsaicin also 
reduced damage to the plants (trial 3), but the existing formulation does not have organic 
certification due to its inert ingredients. Plots treated with organic spinosad or capsaicin 
had 70 to 80 holes per plant. Organic produce in the market survey had a similar level 
of damage (Table 9), indicating that brassica greens treated with either spinosad or 
capsaicin would be marketable. 
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Several organic pesticides were not effective at reducing flea beetle damage to 
komatsuna leaves in these trials. Pyrethrin, which is commonly used by organic growers 
of brassica greens in Massachusetts, did not reduce plant damage in any of my trials. 
Kaolin, tested in the first three trials, also failed to reduce plant damage. Furthermore, 
kaolin was difficult to work with, frequently clogging the sprayers, and leaving a white 
residue on the leaves of the plants even after harvest. Similarly, azidirachtin did not 
control flea beetles in this study, nor did spinosad when applied as a seed treatment. 
Carbaryl is an effective product available to conventional growers for flea beetle 
control. However, carbaryl has a 14 days-to-harvest interval, which would preclude its 
use on crops that are being harvested frequently or at a young age, as are many brassicas 
(especially those grown for salad mixtures). Thiamethoxam, a neonicotinoid, is not yet 
labeled for use on brassica greens, but has been effective in protecting young canola 
plants from flea beetle damage (Doyle et al. 2001). Thiamethoxam also controls other 
species of flea beetles in crops such as com and eggplant (Kuhar et al. 2002, McLeod et 
al. 2002). Thiamethoxam is systemic and can be applied as a furrow drench or a seed 
treatment, reducing exposure of non-target animals and plants. In these trials, 
thiamethoxam, applied either as a seed treatment or as a furrow drench, was effective for 
two to three weeks in controlling damage from flea beetle feeding. In large fields, this 
may be sufficient to prevent damage, as almost all beetles would be killed in the first few 
weeks following application, and recolonization would be more limited than was the 
case in my small-plot studies. Monitoring could be done three to four weeks post 
seeding to see if late season applications of other pesticides were needed. 
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Captures of flea beetles on yellow sticky cards correlated positively with the 
number of holes at harvest and correlated negatively with plant weight at harvest. The 
same correlations existed between direct visual counts in the plots and either the number 
of holes or plant weight, although the strength of the correlation was weaker. Based on 
the data collected in trials 1, 2 and 3, it seems that komatsuna plants from plots in which 
the average number of beetles per card was less than two had significantly less holes and 
higher plant weight at harvest than plants from plots with more than two beetles per 
card. For the counts of beetles per plant per 30 cm row section, plots with less than 0.03 
beetles per plant tended to have fewer holes and higher plant weights. More detailed 
research in this area could lead to the development of spray thresholds based on either 
card captures or direct counts, which currently do not exist for flea beetles on leafy 
brassica crops. 
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